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as the patterns of LOH differ significantly in different diseases. 

Other techniques that have been used to detect allele loss in cancer include 
Comparative Genomic Hybridization (CGH) and Representation Difference Analysis 
(RDA) however these methods are more complex than the Southern blot or PCR based 
techniques. Chromosome loss can also be detected cytogenetically. Mitelman 
(Catalog of Chromosome Aberrations in Cancer. Wiley-Liss, New York, 1995.) has 
compiled a catalog of over 10,000 published karyotypes of cancer cells which 
documents chromosome deletions as well as other changes. 

Example 39. Small molecule inhibitors of variant sequences: 
Methylguanine Methyltransferase (MGMT) 
Gene VARIA 1534 

The methylguanine methyltransferase gene is essential for cell growth or survival in 
the presence of alkylating agents 

Methylguanine methyltransferase (MGMT) is a nuclear protein that repairs alkylating 
agent damage, specifically alkylation of the 06 position of guanine bases in genomic 
DNA. MGMT acts as a suicide protein in removing methyl or alkyl groups from 
guanine and covalently binding them to cysteine 145 of MGMT. The protein is 
subsequently degraded; it does not act as an enzyme. 06-benzylguanine is an inhibitor 
of MGMT that mimics the natural substrate, alkylated DNA; transfer of the benzyl 
group to cysteine 145 of MGMT inactivates the protein. Concurrent administration of 
06-benzylguanine and an alkylating agent such as carmustine (BCNU) or lomustine 
(CCNU) renders tumor cells more sensitive to the toxic effects of the nitrosoureas by 
inactivataing MGMT and thereby inhibiting the tumor cells ability to repair alkylated 
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DNA. MGMT is thus a conditionally essential gene in the presence of nitrosoureas and 
other alkylating agents. The conditional essentiality of MGMT has been demonstrated 
in mice. Animals homozygous for disrupted MGMT genes are more than ten times as 
sensitive to alkylating agents as normal mice. The relative sensitivity has been 
measured as the LD50, the dose required to kill 50% of treated animals. (Tsuzuki, T., 
et al. Targeted disruption of the DNA repair methyltransferase gene renders mice 
hypersensitive to alkylating agent. Carcinogenesis 17: 1215-1220, 1996.) 06- 
benzylguanine is being developed as a chemosensitizing agent (with alkylating agents) 
for treatment of human cancer. This treatment regimen is not specific for cancer cells. 

In a cancer patient with two alternative functional MGMT alleles in normal tissues and 
LOH at 10q23 resulting in only one copy of MGMT in cancer cells, an allele specific 
inhibitor of MGMT could be used to specifically sensitize cancer cells to the action of 
alkylating agents. Treatment would consist of the administration of the appropriate 
allele specific inhibitor (directed to the one allele remaining in cancer cells) plus an 
alkylating agent. The tumor cells would be unable to effectively repair the alkylating 
agent induced DNA damage, while the uninhibited allele in normal cells would be able 
to function. Thus normal cells, including sensitive normal cell populations such as 
bone marrow stem cells, would be able to tolerate higher doses of alkylating agents 
than cancer cells. 

The MGMT gene and encoded protein are polymorphic 

Four variances in human MGMT have been discovered by the inventors or reported in 
the literature, including three variances that affect the protein sequence. There is a C/T 
variance at nucleotide 255 (1 1% heterozygotes among 36 individuals surveyed) which 
does not affect the encoded protein. There is a second C/T variance at nt 346 which 
results in a L84F amino acid variance (5% heterozygotes among 36 individuals 
surveyed). There is an A/G variance at nt. 523 which results in a I143V amino acid 
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variance (24% heterozygotes among 36 individuals surveyed). This variance occurs 
only two residues from the active site cysteine at 145. A fourth variance, G/A has been 
reported in the Japanese population at codon 160, GGA vs. AGA, resulting in a glycine 
vs. arginine amino acid variance. Fifteen percent of 40 Japanese individuals studied 
5 were heterozygotes for this variance. (Imai, Y., et al. A polymorphism at codon 160 

of human 06-methylguanine-DNA methyltransferase gene in young patients with adult 
type cancers and functional assay. Carcinogenesis [London] 16:2441-24445, 1995.) 

Allele specific inhibitors of MGMT 

Two of the amino acid variances in MGMT, at residues 143 and 160, are near the 
active site of the protein. Substantial work has already been done to characterize the 
functional consequences of the residue 160 glycine/arginine variance. Studies of 
MGMT kinetics and activity have shown that the 160arginine allele is at least 20 fold 
more resistant to 06 benzylguanine inactivation, measured as an increase in the ED50 
and or as a reduction in the production of guanine from 06-benzyl[8-3H] guanine. The 
160gly and 160arg forms of MGMT were nearly equal in alkyltransferase activity in 
an assay that measured repair of 06-methylguanine in methylated DNA. These results 
demonstrate variance-specific effects of a small molecule, 06-benzylguanine, on 
normal (non-mutant) alleles of the conditionally essential MGMT gene. (Edara, S., et 
al. Resistance of the human 06-alkylguanine-DNA alkyltransferase containing arginine 
at codon 160 to inactivation by 06-benzylguanine. Cancer Research 56: 5571-5575, 
1996) 

25 Administration of 06-benzylguanine to patients who are heterozygous for the variance 

in their normal cells, and contain only the alternative form of the gene with a glycine 
residue at position 160 in their cancer cells, together with methylating or 
chloroethylating agents, will specifically sensitize cancer cells to the cytotoxic effects 
of the alkylating agents without increasing toxicity to normal cells which, since they 


10 


15 


20 


WO 98/41648 


PCT/US98/05419 


303 232/116 

contain the 06-benzylguanine resistant 160arginine form of the protein, will continue 
to repair alkylated DNA. 

There is no published data concerning the residue 143 variance, however the 
proximity of this variance to the active site - both in the primary sequence and upon 
inspection of the three dimensional structure of the bacterial AGT protein, a 
functional and structural homolog of human MGMT - suggests that allele specific 
drugs could be discovered for this variance. 

The structural difference between 143isoleucine and 143valine is a hydrophobic 
methyl group. It is well known that most small molecule protein inhibitors interact 
via hydrophobic interactions. Favorable Van der Waals distances between 
hydrophobic groups of a substrate and a ligand are vital for high affinity interaction. 
One possible mechanism of allele specific inhibition would be to exploit the greater 
bulk of the isoleucine by finding a small molecule that fits into the active site 
pocket of the valine allele but has a very unfavorable Van der Waals interaction the 
methyl group of the isoleucine. Other schemes based on the different size and 
geometry of isoleucine and valine could also be effective. 

One approach to identification of such inhibitors would be to make small molecule 
libraries in which various positions of guanine are substituted with moities of 
appropriate size and structure. Such libraries could then be tested in various screens 
of MGMT activity. The two alleles (143 isoleucine and 143valine, or any of the 
other allele pairs of MGMT described above) would be assayed in parallel. 
Identification of molecules with allele specific inhibitory activity could be the basis 
for synthesis of additional libraries in which the moities that are best correlated with 
differential activity are further varied. Methods for the iterative design of high 
affinity or highly discriminating small molecule inhibitors are known in the art. 
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Libraries of restricted size can be screened for allele specific inhibitors using a 
combinatorial strategy based on known inhibitors of MGMT such as 06-benzyl- 
guanine. A library or libraries can be constructed in which substitutions are 
indroduced at positions C6 and N9 which have previouly been found to affect 
inactivation of MGMT, or at positions C2 and N8 which can be easily substituted. 
For example a series of 4(6)-(benzyloxy)-2,6(4)-diamino-5-(nitro or 
nitroso)pyrimidine derivatives and analogs in which 4(6)-benzyloxy groups were 
replaced with (2-, 3-, or 4 fluorobenzyl)oxy or (2-, 3-, or 4-pyridylmethyl)oxy 
groups have been synthesized and tested for MGMT inhibition. (Terashima I., and 
K. Kohda. Inhibition of human 06-alkylguanine-DNA alkyltransferase and 
potentiation of the cytotoxicity of chloroethylnitrosourea by 4(6)-(Benzyloxy)- 
2,6(4)-diamino-5-(nitro or nitroso)pyrimidine derivatives and analogues. J Med 
Chem 41 : 503-508, 1998.) Substitutions at N7 have been found to be detrimental 
in general (Moschel, R.C. et al & Pegg, A. E., J. Med. Chem. 35: 4486-4491, 1992). 

Combinatorial libraries can be constructed according to a published procedure 
(Norman, T. C. et al., A Structure-Based Library Approach to Kinase Inhibitors. J. 
Am. Chem.Soc. 118: 7430-7431, 1996) where guanine based libraries were made by 
anchoring a chemically modified guanine (at C6, C2, or C8) to solid supports at C2 
via a glycinamide linkage or at N9 via a hydroxyethyl linkage. Chemical reactions 
can be carried out to introduce a library of hydrophobic substituents of different size 
at positions C6, C2, or C8. Hydrophobic substituents of various bulkiness and 
orientation can be indroduced through derivatives of 06-benzyl and 06-phenyl 
groups, 06-alkyl groups, N9-alkyl groups, and C2-amino-alkyl groups. 

Libraries constructed as above can be screened for MGMT activity in several types 
of assays. Methods for bacterial expression and purification of human MGMT 
protein have been described (see Edara, et al., cited above). Both allelic forms of 
MGMT could be screened for repair of alkylated or methylated DNA by measuring 
transfer of tritium from a tritium labelled (methylated) DNA substrate in the 
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presence of various concentrations of library compounds for various times. 
Alternatively, library compounds could be tritiated and MGMT proteins could be 
screened for the rate at which they interact with (either via association or cleavage 
of a moiety from the compound). Other assays for MGMT activity are known in 
the art. 

Example 41. Clinical use of variance specific inhibitors for treating cancer 

Inhibitors that are the object of the present invention are designed to be 
administered to patients who are hetero2ygous for the target gene, meaning that 
their cells normally contain two alternative copies of the gene, one that is sensitive 
to inhibition by said inhibitors, and one that is not sensitive to said inhibitors. It is 
apparent that several such inhibitors may be developed according to this invention 
targeted to alternative alleles of a single target gene or to several different target 
genes. The inventors propose that a series of such inhibitors will be developed 
according to this invention. 

The clinical use of this invention involves the steps of: 

(a) testing normal cells from a patient to identify target genes that are heterozygous, 
present in two alternative forms. 

(b) testing biopsy tissue from a tumor or proliferative lesion to determine whether 
one of the two alternative forms is eliminated due to LOH. 

(c) selecting a drug for inhibition based on the presence of the sensitive allele in the 
tumor and the presence of an insensitive allele in normal cells 

(d) administering said drug to the patient in an appropriate dose to inhibit the 
essential function in the cancer cell. 

Testing of normal cells to identify heterozygosity of the target gene is performed 
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using conventional diagnostic methods that are known in the art. Normal cells are 
commonly derived from a blood sample, hair sample, or buccal smear. 
Alternatively normal cells may be obtained by cultivating primary cells such as 
lymphoblasts or fibroblasts in vitro. The presence of two alternative alleles may be 
determined by methods including allele-specific hybridization with oligonucleotides 
containing the variant sequences and a number of non-variant nucleotides to allow 
differential binding to the alternative forms of the gene or other methods known in 
the art using purified DNA or RNA or amplified DNA or cDNA sequences. 
Testing of biopsy tissue is performed by separating tumor cells or cells of the 
proliferative lesion to isolate a sample of cells characteristic of the proliferative 
lesion for analysis. This is performed by a variety of methods known in the art 
including manual dissection or laser assisted methods for eliminating normal cells 
or selecting abnormal cells. Samples of abnormal tissue, and samples of normal 
tissue as a control, are analyzed to identify the presence or absence of alternative 
forms of the target gene. The presence of two altmative alleles may be determined 
by methods including allele-specific hybridization with oligonucleotides containing 
the variant sequences and a number of non-variant nucleotides to allow differential 
binding to the alternative forms of the gene or other methods known in the art using 
purified DNA or RNA or amplified DNA or cDNA sequences. 

Selection of a drug for administration will be based on clinical trial data indicating 
that the drug is effective in eliminating abnormally proliferating cells and causing 
an improvement in the patient's clinical condition for patients who have the 
sensitive allele of the target gene in their pathological lesion. In one aspect of this 
invention, the product label will describe that the drug is indicated in patients who 
have only a specific allele of the target gene in their lesion and an alternative allele 
in their normal cells. Any such drug will be indicated only for a fraction of patients 
having two alternative alleles of the target gene in their normal cells and LOH. The 
fraction of patients who may be treated with any one drug may be determined by 
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multiplying the number of patients with a given cancer times the fraction of tumors 
exhibiting LOH of the target gene locus times the fraction of patients who will be 
heterozygous. For a target gene exhibiting 50% heterozygosity in the population 
and a 70% fraction of LOH in a specific cancer (several such examples are shown), 
a single inhibitor will treat ~17% of such cancers. A second compound directed 
against the alternative allele would treat another 17% of said cancer. In the 
preferred use of this invention, a panel of such drugs will be available enabling 
therapy with at least one such drug in most patients. 

Administration of the drug to the patient ration to the patient will involve 
conventional means such as parenteral, oral, or intratumoral administration. The 
route of administration will be determined separately for each inhibitor and will be 
based on the bioavailability of the compound to the lesion. The compound may be 
administered in one or more doses as a single agent or in combination with other 
allele specific agents or conventional antiproliferative drugs or agents commonly 
used for the treatment of cancer or support of cancer patients. 


Example 42.Cell Division Cycle 25C (CDC25C) - Gene VARIA10 

Cdc25C is essential for cell growth 

A vital regulator of cell proliferation is the protein kinase Cdc2, whose activation at 
the end of G2 of the cell cycle initiates mitosis. Gene disruption experiments in 
yeast confirm the importance of this protein, as cells lacking Cdc2 fail to progress 
through the cell cycle. As would be expected for such an important protein, Cdc2 
activity is tightly regulated. Its activity depends on complex formation with Cyclin 
B, a protein that accumulates through the cell cycle and is then abruptly degraded 
during mitosis. Phosphorylation of Cdc2 on Tyr-15 and Thr-14 by the Weel/Mikl 
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kinases maintains the Cdc2/Cyclin B complex in an inactive state until the end of 
G2. The dual-specificity phosphatase Cdc25C is then stimulated to 
dephosphorylate Cdc2 on both residues, resulting in activation of the complex. Just 
as Cdc2 is essential for cell growth, the regulation of its activity is essential. The 
best evidence for this is that the individual disruption of cdc2, cyclin B, wee 1 and 
cdc25 in the yeast S. pombe are lethal events. When cdc25 is deleted from these 
cells they display a phenotype consistent with their function; they grow without 
dividing, becoming dramatically elongated. 

The human CDC25C gene and protein have variances 

The CDC25C cDNA was cloned by Sadhu et al.(l) (Genbank accession number 
M34065, GI number 181075). To determine whether CDC25 is polymorphic, 
VARIAGENICS scanned cDNA from 32 unrelated individuals using the T4 
Endonuclease VII method, which involves the cleavage of DNA heteroduplexes 
followed by DNA sequencing of polymorphic regions (see description of method in 
examples). A transversion at nucleotide 1099 (G or C) was identified (nucleotide 
numbering is from reference 1). This results in an amino acid difference at residue 
297, with G encoding glycine and C encoding arginine. Overall, 9.4% of 
individuals analyzed are heterozygous. The rate of heterozygosity increases to 
33.3% in Caucasians. 

The human CDC25C gene maps to chromosome 5q31, a site of frequent loss of 
heterozygosity 

Sartor et al. (2) mapped the human CDC25 gene to 5q3 1 by fluorescence in situ 
hybridization using the cDNA cloned by Sadhu et al. This mapping location was 
confirmed by Taviaux and Demaille (3), also using fluorescence in situ 
hybridization. There have been many studies of LOH on 5q, particularly the 5q21- 
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q22 region where the Adenomatous Polyposis Coli (APC) tumor suppressor gene 
lies. The most extensively studied cancers are those of the gastrointestinal tract, 
lung and ovary. There have been fewer studies of the 5q23-q33 region just distal to 
APC (where CDC25C lies), however the available data suggests that LOH occurs in 
this region at a frequency of ~30% in cervical cancer (4), 20-40% in colon cancer 
(5,6), 30-50% in ovarian cancer (7,8), up to 38% in stomach cancer (9), and 23% in 
testicular cancer (10). There is also evidence for LOH in head and neck, lung and 
liver cancers. In most of these studies only one or two markers were used. 
Definitive assessment of LOH frequency at the CDC25C locus will require direct 
analysis of the polymorphisms identified in various tumor types. 
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Example 43. Dihydropyrimidine Dehydrogenase (DPD) 

DPD is conditionally essential 

Dihydropyrimidine Dehydrogenase is essential for cell survival in the presence of 
pyrimidine nucleotide analogs such as 5-FU and fluorodeoxyuridine. 5-fluorouracil 
(5-FU) and related compounds are antineoplastic drugs used in the treatment of 
breast, gastrointestinal, head and neck and other cancers. These drugs have widely 
varying clinical effects in cancer patients, ranging from induction of complete 
response (tumor disappearance) in some patients to severe toxicity in others. There 
is currently no reliable basis for predicting individual patient responses, and 
therefore patients receiving 5-FU must be monitored carefully for toxic reactions. 

There are a variety of anabolic and catabolic pathways that affect the action of 5-FU 
(reviewed in Goodman and Gilman, The Pharmacological Basis of Therapeutics, 
8th edition). For example, in order to exert its antiproliferative effects the 
pyrimidine analog 5-FU must be converted enzymatically to the nucleotide level 
(fluorodeoxyuridine) by phosphorylation and ribosylation; fluorodeoxyuridine is 
sometimes given directly because it bypasses most of these steps, and simply 
requires phosphorylation by thymidine kinase. The 5-fluoronucleotide is an 
irreversible inhibitor of thymidylate synthase, the enzyme which converts dUMP to 
dTMP and is required for de novo synthesis of thymidine, and hence for DNA 
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synthesis. 

There is a three step pathway for catabolism of pyrimidines (thymine and uracil) to 
beta alanine. Pyrimidine analogs such as 5-FU are catabolized by the same 
pathway. The first and rate limiting step in this pathway is catalyzed by 
dihydropyrimidine dehyrogenase (DPD). DPD accounts for catabolism of as much 
as 90% of a 5-FU dose in normal individuals, and the half life of 5-FU in normals is 
~8-20 minutes. Patients homozygous for mutant DPD alleles have been identified, 
a condition variously called DPD Deficiency, Hereditary Thymine-Uraciluria or 
Familial Pyrimidinemia. In such patients -90% of 5-FU is excreted unchanged in 
the urine, and the drug has a half life longer that 2.5 hours. As a result of the 
drastically reduced catabolism of 5-FU the toxic effects of the drug are magnified 
and patients are subject to severe toxic reactions. There are reports of deaths in 
patients with DPD deficiency after treatment with 5-FU. Thus cell (and organism) 
survival in the presence of 5-FU depends on presence of functional DPD protein to 
transform 5-FU to the inactive dihydroxy metabolite. 

This principal has also been demonstrated in cancer cells both in vitro and in vivo: 
cancer cells with lower DPD levels are more susceptible to the toxic effects of 
5-FU. It has been suggested that measuring DPD levels would be useful for 
calibration of 5-FU dosage. 

The DPD gene exhibits variances 

We have identified four common sites of variance in DPD mRNA by screening 
cDNA from 36 unrelated individuals. The variant nucleotides are 166, 577, 3925 
and 3937 (see DPD Variance Table; numbering is from Yokota, et al. cDNA 
Cloning and Chromosome Mapping of Human Dihydropyrimidine Dehydrogenase, 
an Enzyme Associated with 5-fluorouracil Toxicity and Congenital Thymine 
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Uraciluria. Journal of Biological Chemistry. 269:23192-23196,1994). Two of the 
variances in nucleotide sequence alter the amino acid coding sequence: amino acid 
29 is usually cysteine but arginine alleles were also detected; cys/arg heterozygotes 
were found at a frequency of 1 1%. Residue 166 of DPD is reported to be 
methionine but valine is present at 166 in some alleles; 9% of the population 
surveyed are met/val heterozygotes. One double heterozygote was identified out of 
36 patients. Both these amino acid polymorphisms are located in the N-terminal 
NAD/FAD binding domain of DPD. Residue 166 is located in a highly conserved 
domain of DPD. Two other polymorphisms are located in the 3' untranslated region 
of DPD, only 1 1 nucleotides apart. 

The DPD gene maps to chromosome lp22, a region frequently subject to LOH in 
different cancers 

The DPD gene has been mapped to chromosome lp22 by fluorescense in situ 
hybridization. LOH at lp22 has been reported in colon, breast, and other cancers. 

Allele specific inhibition of DPD to potentiate 5-FU action in cancer cells with 
LOH at the DPD locus 

The DPD gene is polymorphic and conditionally essential in the presence of 5-FU. 
These properties can be exploited in a therapeutic strategy for cancer patients with 
LOH at the DPD locus. Specifically, in a patient with two alternative alleles for 
DPD in normal cells and one allele in cancer cells due to LOH, an allele specific 
drug can be used to sensitize cancer cells to the action of 5-FU by inhibiting its 
catabolism. Cancer cells (but not normal cells) would be poisoned by high levels of 
5-FU due to low clearance. Normal cells, containing an uninhibited allele, would be 
able to catabolize DPD at close to normal levels. 

Alternatively, patients heterozygous for functional and defective copies of DPD, 
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and in whom LOH resulted in loss of the functional allele, could be treated by 5-FU 
without the necessity for an allele specific inhibitor. Identification of such patients 
would require a test for heterozygosity at DPD and a test for LOH which could 
show which allele is deleted in cancer cells. Such an approach would be expected 
to identify patients likely to respond well to 5-FU even though they might have 
cancers not traditionally treated with pyrimidine analogs. 

Example 44. Fanconi Anemia genes A, B, C, D, E, F, G and H (FAA, FAB, 
FAC, FAD, FAE, FAF, FAG, FAH) 

The Fanconi Anemia genes are conditionally essential. 

The Fanconi Anemia genes are essential for cell growth or survival in the presence 
of DNA cross linking agents. In order for cells to survive or proliferate in an 
abnormal environment characterized by the presence of DNA cross linking 
molecules such as Mitomycin C and diepoxybutane it is necessary that the cells are 
capable of efficiently repairing damage caused by these agents. Cells contain 
proteins necessary for such repair. One way such repair proteins can be identified is 
by absence of function in specific patients who, as a consequence, are particularly 
susceptible to the toxic effects of cross linking agents. 

Fanconi Anemia (FA) is a hereditary disease, autosomal recessive in transmission, 
characterized by progressive bone marrow failure, birth defects and predisposition 
to malignancies. FA patients are hypersensitive to the toxicity of DNA cross 
linking agents. This hypersensitivity can be measured in cultured FA cells, which is 
one method used to establish the diagnosis of FA. 

Patients heterozygous for defective FA genes are generally not hypersensitive to 
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DNA crosslinking agents in contrast to those that are homozygous. This suggests 
that treating heterozygous cancer patients with an inhibitor specific for one allele of 
the FA gene (and thereby reducing levels of FA protein function by up to 50% in 
normal cells) would be well tolerated. Inhibition of the FA allele present in cancer 
5 cells but not the alternative form present only in normal cells would make cancer 

cells selectively sensitive to crosslinking agents, leading to a cytotoxic 
antiproliferative effect. Normal cells would be able to repair damage caused by 
such agents, by analogy to the clinical data from patients heterozygous for defective 
FA genes. 

10 

The FA genes and gene products are polymorphic 


Seven FA genes have been identified by complementation studies. The genes for 
FAA and FAC have been cloned. DNA variances have been reported in both genes. 
15 For example, Savino et al. report three variances in FAA, all of which alter the 

protein coding sequence. (Savino, M., et al. Mutations in the Fanconi Anemia 
Group A Gene (FAA) in Italian Patients. American Journal of Human Genetics 
61 :1246-1253, 1997.) The location of these variances is shown in the Table below, 
reproduced from the paper by Savino. 

20 

Variances in the FAA Gene 


Polymorphic 

Alternate 

Affected amino 

Alternate 

Frequency of 

nucleotide 

bases 

acid residue 

amino acids 

rare allele 

796 

A, G 

266 

Thr, Ala 

.29 

1501 

G, A 

501 

Gly, Ser 

.40 

2426 

G, A 

809 

Gly, Asp 

.30 


FA genes map to chromosomes that are frequently subject to LOH in different cancers 


30 The FAC gene maps to chromosome 9q22.3, (as do three other FA complementation 
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groups according to Strathdee, C.A., et al. Evidence for at least four Fanconi anaemia 
genes including FACC on chromosome 9. Nature Genetics 1: 196-198, 1992). The 
FAA gene maps to chromosome 16q24.3. FAD maps to 3p26-p22. All FA genes 
mapped so far lie in regions subject to frequent LOH. LOH affecting chromosome 9 

5 is well documented in many cancers. For example, loss of the 9q arm is well 

documented in cancers such as bladder, esophagus, ovary, testis and uterus. LOH 
frequencies in these cancers range from 20% to 62%. LOH affecting chromosome arm 
16q, particularly the 16q24 region is well documented, particularly in breast, prostate 
and liver cancers. For example, in six detailed studies of breast cancer in the 

10 16q22-q24 region LOH frequencies of 40-60% have been reported. Further, 16q22 

LOH has been reported in 25-90% of liver cancers, with the average around 45%. Less 
extensive studies of other cancer types report 16q22 LOH in 19% of bladder cancers, 
20% of colon cancers, 19-27% of esophageal cancers, 25% of small cell lung cancers, 
16-37% of ovarian cancers 22% of uterine cancers, and 31-50% of prostate cancers. 

15 Loss of chromosome 3p26-2 1 is common in lung cancer, kidney cancer, head and neck 

cancer and breast cancer among other cancers. Reports of >50% LOH are common in 
these cancer types. 

Other genes conditionally essential for response to DNA cross linking agents 

20 

In a related aspect, other genes which, when defective, sensitize cells to toxic effects 
of DNA crosslinking agents would be amenable to the therapeutic strategy outlined 
above for the FA genes. Specifically, in a patient with two alternative alleles for such 
a gene and LOH at the relevant locus, an allele specific drug could be used to sensitize 
25 cancer cells to the action of cross linking agents. Such drugs could then be used to 

treat cancer patients constitutionally heterozygous for two normal alleles at the relevant 
locus, in whom LOH had rendered cancer cells hemizygous or homozygous for one 
allele. Treatment would consist in the ac-ministration of the appropriate allele specific 
inhibitor plus a cross linking agent or treatment to induce damage in all cells. Cancer 
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cells (but not normal cells) would be rendered unable to respond by inhibition of 
expression of the relevant repair gene. Examples of such genes are the excision repair 
cross complementing (ERCC) genes, twelve of which have been identified (see Target 
Gene Table). Defects in these genes are associated with Xeroderma Pigmentosum and 
5 Cockayne Syndrome. (Scriver, C. R. et al., The Metabolic and Molecular Bases of 

Inherited Disease, 7th edition, McGraw Hill, New York, 1995.) 

Alternatively, patients heterozygous for functional and defective copies of such genes, 
and in whom LOH resulted in loss of the functional allele, could be treated by a cross- 

10 link inducing procedure without the necessity for an allele specific inhibitor. 

Identification of such patients would require a test for heterozygosity at the target locus 
and a test for LOH which could show which allele is deleted in cancer cells. Such an 
approach would be expected to identify patients likely to respond well to cross linking 
agents or procedures even though they might have cancers not traditionally treated with 

IS such agents. 


Example 45. Asparagine Synthetase (AS). 
Variagenics Target Gene 

20 

Asparagine Synthase is conditionally essential 

Cells require a continuous supply of amino acids for protein biosynthesis. Cells can 
import amino acids from serum via amino acid transporters (the only source besides 
25 protein catabolism for the ten essential amino acids), or amino acid's cells can be 

synthesized de novo by cells (only an option for the ten nonessential amino acids). The 
essential amino acids are isoleucine, leucine, lysine, methionine, phenylalanine, 
threonine, tryptophan, valine and histidine. Alterations in the nutritional environment 
of growing cells that result in a decreased extracellular concentration of essential amino 
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acids cause arrested cell growth and may result in cell death. 

Even a nonessential amino acid can become essential in a cell where (i) at least one 
enzyme required for its biosynthesis is not expressed (perhaps due to downregulation 
in response to an abundant extracellular supply of the amino acid), or (ii) the 
biosythetic pathway is blocked by an inhibitor. 

Asparagine is a nonessential amino acid which is, however, essential for survival of 
rapidly dividing cells that are not expressing asparagine synthetase, the terminal 
enzyme in asparagine biosynthesis. Asparagine synthetase, considered to be a 
housekeeping gene, catalyzes the ATP dependent conversion of aspartic acid to 
asparagine in mammalian cells. A number of different cancer types do not usually 
express asparagine synthetase, including childhood acute leukemias. One common 
therapeutic used in the treatment of childhood acute lymphocytic leukemia is the 
enzyme L-asparaginase (purified from E. coli or Erwinia carotovora) which, upon 
injection, rapidly depletes serum asparagine (by hydrolysis to aspartate), thereby 
lowering blood levels of asparagine to undetectable levels within hours of injection. 
(Ohnuma, T. et al. Biochemical and Pharmacological Studies with L-Asparaginase in 
Man. Cancer Research 30: 2297-2305, 1970.) Leukemic cells have high rates of 
protein synthesis but do not express asparagine synthetase and are therefore highly 
vulnerable to the rapid loss of asparagine and consequent shutdown of protein 
synthesis. Cell death after L-asparaginase induced asparagine starvation has been 
shown to be apoptotic. (Bussolati, 0. Characterization of Apoptotic Phenomena 
Induced by Treatment with L-Asparaginase in NIH3T3 Cells. Experimental Cell 
Research 220: 283-291 , 1995.) After one or more doses leukemic cells often become 
resistant to L-asparaginase due to induction of asparagine synthetase activity and 
consequent autonomy for asparagine. 

In a patient with two alternative alleles for asparagine synthetase and LOH at 7q, an 
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allele specific drug could be used to sensitize cancer cells to the action of L- 
asparaginase. Such drugs could then be used to treat cancer patients constitutionally 
heterozygous for two normal alleles at the asparagine synthetase locus, in whom LOH 
had rendered cancer cells hemizygous or homozygous for one allele. Treatment would 
5 consist in the administration of the appropriate allele specific inhibitor plus L- 

asparaginase to deplete the concentration of this amino acid in serum while rendering 
cancer cells (but not normal cells) unable to respond by upregulating asparagine 
synthetase. 

10 The Asparagine Synthetase gene maps to chromosome 7q21.3, a region frequently 

subject to LOH in different cancers 

The asparagine synthetase gene has been mapped to chromosome 7q21.3 by 
fluorescence in situ hybridization, following localization to 7q by analysis of somatic 
cell hybrids. The q21 region of chromosome 7 is subject to frequent LOH, particularly 
in colon, breast and prostate cancers. 7q21.3 LOH is detected in up to 50% of colon 
cancers, up to 37% of prostate cancers (83% of prostate cancers have LOH in the 
adjacent chromosome band, 7q3 1) and in 10-55% of breast cancers, where again, there 
is even more frequent LOH in 7q3 1 . LOH at 7q21 has also been reported in uterine 
cancer and head and neck cancer. Several other cancer types have not yet been well 
studied for LOH affecting this region. 


15 


20 


Example 46. Methionine Synthase (MS). 
25 Variagenics Target Gene 

Methionine Synthase is conditionally essential in dividing cells 

Cells require a continuous supply of amino acids for protein biosynthesis. L- 
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methionine is one of ten essential amino acids. Consequently dividing cells must 
obtain their methionine from serum via amino acid transporter (the Only source besides 
protein catabolism for the ten essential amino acids). Alterations in the nutritional 
environment of growing cells that result in a decreased extracellular concentration of 
5 essential amino acids such as methionine cause arrested cell growth and may result in 

cell death. Cancer cells are particularly sensitive to methionine deprivation. (Tan, Y., 
et al., Anticancer Efficacy of Methioninase in vivo. Anticancer Research 16: 3931- 
3936.) 


10 The cellular requirement for methionine can be bypassed: if L-homocysteine is 

provided to cells it can be methylated to form methionine by the enzyme methionine 
synthase (MS). In this reaction the methyl group is provided by 5- 
methyltetrahydrofolate and MS-bound methylcobalamin serves as an intermediate 
methyl carrier. A second enzyme may be required for reductive activation of 

15 methionine synthase, based on complementation studies. 


It occured to the inventors that the apparent antineoplastic effects of methionine 
deprivation could be enhanced and made tumor cell specific by preventing cells from 
converting endogenous homocysteine to methionine by allele specific inhibition of 

20 methionine synthase (or other enzymes required for the conversion of homocysteine 

to methionine; see: Scriver, C, et al., editors, The Metabolic and Molecular Basis of 
Inherited Disease . McGraw Hill, New York, pp. 31 1 1-3128 and 3129-3149). This 
strategy would be useful in cancer patients that are heterozygous for methionine 
synthase (or another enzyme required for conversion of homocysteine to methionine) 

25 and who have LOH at the methionine synthase (or other) gene locus. In such patients 

an allele specific inhibitor of MS directed to the sole allele present in cancer cells, 
coupled with methionine starvation or methioninase treatment, would selectively 
prevent tumor cells from responding to methionine deprivation. The provision of 
supplemental homocysteine, which could only be converted to methionine by the 


WO 98/41648 


PCT/US98/05419 


320 232/116 

normal cells, would provide a way to amplify the differential toxicity to cancer cells. 
Also, the methionine analog ethionine has been shown to potentiate the effects of 
methionine starvation. (Poirson-Bichat, F., et al., Growth of methionine-dependent 
human prostate cancer (PC-3) is inhibited by ethionine combined with methionine 
starvation. Br. J. Cancer 75: 1605-1612.) Ethionine or similar agents could be used 
in conjunction with an allele specific inhibitor of methionine synthesis. 

An alternative approach to allele specific therapy of cancer cells with LOH would be 
to target the amino acid transport system for methionine in patients heterozygous for 
this protein and in whom only one allele is present in cancer tissue as a result of LOH. 
This would result in selective methionine starvation for cancer cells. Allele specific 
transport inhibition could be combined with methionine starvation or methioninase 
treatment to enhance the cytotoxic effect. 

The Methionine Synthase gene maps to chromosome lq4S, a region subject to LOH in 
several cancers 

The MS gene has been mapped to chromosome lq43 by fluoresence in situ 
hybridization. The q43 region of chromosome 1 is subject to frequent LOH 
particularly in colon, head and neck, ovarian and liver cancers, where LOH frequencies 
vary from 11 to 39%. LOH at lq43 has also been reported in cervix, pancreas, 
stomach and testis cancers. Several other cancer types have not yet been well studied 
for LOH in this region. 

Other amino acid biosynthetic enzymes are candidates for allele specific inhibition 

It will be evident to one skilled in the art that strategies similar to those described 
above for asparagine (an essential amino acid) and methionine (a non-essential amino 
acid) could be undertaken for other amino acid biosynthetic enzymes. For example, 
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L-glutaminase has also been shown to have antiproliferative effects on mammalian cell 
growth. Allele specific blockade of glutamine synthesis in heterozygous patients with 
LOH for genes essential for glutamine synthesis could be the basis of a cancer specific 
therapy. 


Example 47. Methylthioadenosine phosphorylase (MTAP). 
Variagenics Target Gene 

10 

Methylthioadenosine phosphorylase can convert methylthioadenosine to methionine, 
an essential amino acid 

Cells require a continuous supply of amino acids for protein biosynthesis. L- 
methionine is one of ten essential amino acids. Consequently dividing cells must 
obtain methionine from serum via amino acid transporter (the only source besides 
protein catabolism or conversion of L-homocysteine). Alterations in the nutritional 
environment of growing cells that result in a decreased extracellular concentration of 
essential amino acids such as methionine cause arrested cell growth and may result in 
cell death. Cancer cells are particularly sensitive to methionine deprivation. (Tan, Y., 
et al., Anticancer Efficacy of Methioninase in vivo. Anticancer Research 16: 3931- 
3936.) 

The cellular requirement for methionine can be bypassed by conversion of L- 
25 homocysteine to methionine as discussed above. An alternative pathway for 

methionine synthesis is conversion of 5 '-methylthioadenosine (5'-MTA) via the action 
of 5'-MTA phosphorylase (MTAP). (Tisdale, M.J., Methionine Synthesis from 5'- 
methylthioadenosine by Tumor Cells. Biochemical Pharmacology 32: 2915-2920.) 
In tissue culture experiments low concentrations of 5'-MTA can substitute for 


15 


20 
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methionine in some cell lines. Thus 5'-MTA can rescue cells from methionine 
deprivation. 

It occured to the inventors that allele specific inhibition of MTAP in cancer patients 
5 heterozygous for MTAP and whose cancer cells have only one allele of MTAP as a 

consequence of LOH, in combination with methionine deprivation (methionine 
starvation or L-methioninase treatment) and dietary supplementation with 5'- 
methylthioadenosine would provide a source of convertible methionine substrate 
selectively useful to normal cells. Tumor cells would have no source of methionine, 
10 being unable to convert the 5'-methylthioadenosine, and hence would be selectively 

poisoned. This therapeutic strategy would not necessarily require an allele specific 
inhibitor as all copies of MTAP are deleted in some cancers. Such cancers should be 
differentially poisoned vis a vis normal cells by methionine deprivation in the presence 
of 5'-methylthioadenosine. 

15 

The MTAP gene maps to 9p21, a region frequently subject to LOH in many cancers 

The MTAP gene has been mapped to chromosome 9p21 by physical techniques 
(pulsed field gel electrophoresis and yeast artificial chromosome mapping). The gene 

20 lies near the cyclin dependent kinase inhibitors pi 6 and pi 5 which are frequently 

reduced to one or zero copies in cancer cells. (Nobori, et al., Genomic cloning of 
methylthioadenosine phosphorylase: a purine metabolic enzyme deficient in multiple 
different cancers. Proc. Natl. Acad. Sci. U.S.A. 93: 6203-6208.) The p21 region of 
chromosome 9 is subject to frequent LOH particularly in cancers of the bladder, breast, 

25 esophagus, head and neck, kidney, lung, melanoma and ovary. The frequency of LOH 

in these cancers ranges from 20% to nearly 100%. 
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Example 48. DNA dependent protein kinase (DNA-PK) and associated factors. 
Variagenics Target Genes 

DNA dependent protein kinase is conditionally essential 

Cells exposed to ionizing radiation, such as gamma radiation, are damaged by base 
modifications and DNA strand breaks. Double strand DNA breaks are among the most 
lethal form of radiation damage; one such break, if unrepaired, can be cell lethal. Four 
complementation groups of mammalian cell mutants that are defective in repair of 
double strand (ds) breaks have been identified. All four complementation groups are 
hypersensitive to ionizing radiation. The loci for three of these groups have been 
shown to encode components of DNA-dependent protein kinase (DNA-PK). The 
fourth group is deficient in the gene encoding XRCC4, a factor that associates with and 
stimulates DNA Ligase IV. Ligation of ds breaks by DNA ligase IV in a cell free 
system in increased 7-8 fold by co-expression of XRCC4. 

DNA-PK is a multiprotein complex with a DNA binding regulatory subunit, the Ku 
heterodimer [Ku70 (XRCC6) and Ku80, also referred to as Ku86 (XRCC5)], and a 
catalytic subunit, DNA-PKcs (probably XRCC7), that is activated by the regulatory 
subunit upon binding to DNA ds ends, with consequent expression of serine/threonine 
kinase activity resulting in phosphorylation of a variety of DNA binding proteins. A 
fourth protein called KARP-1 is expressed from the Ku80/86 locus and is also 
implicated in DNA-PK function. 

Cells lacking any of the components of DNA-PK are exquisitely sensitive to gamma 
irradation. This has been demonstrated directly in mice with targeted disruption of the 
Ku80/86 and DNA-PKcs genes. The Ku80/86 deficient mice were also sensitive to 
methyl methane sulfonate, a DNA alkylating agent that induces single strand breaks 
and to etoposide, a topoisomerase II inhibitor. Thus the components of DNA-PK can 
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also be important for repair of a variety of chemically induced DNA lesions as well as 
ionizing radiation. 

In a cancer patient with two alternative alleles for a component of DNA-PK and LOH 
at the heterozygous locus, an allele specific inhibitory drug could be used to sensitize 
cancer cells to the action of ds break inducing treatments. Such a drug could be used 
to treat cancer patients constitutionally heterozygous for two normal alleles at any of 
the DNA-PK loci in whom LOH had rendered cancer cells hemizygous or homozygous 
for one allele.. Treatment would consist in the administration of the appropriate allele 
specific inhibitor plus a ds break inducing agent or procedure. The tumor cells would 
be unable to effectively repair ds breaks, while the uninhibited allele in normal cells 
would be able to function. Alternatively, patients heterozygous for functional and 
defective copies of genes required for repair of strand breaks, and in whom LOH 
resulted in loss of the functional allele, could be treated by a strand break inducing 
procedure without the necessity for an allele specific inhibitor. Identification of such 
patients would require a test for heterozygosity at the target locus and a test for LOH 
which could show which allele is deleted in cancer cells. Such an approach would be 
expected to identify patients likely to respond well to strand breaking agents or 
procedures (exposure to ionizing radiation) even though they might have cancers not 
traditionally treated with such measures. 

The genes encoding constituents of DNA-PK map to chromosomes frequently subject 
to LOH in different cancers 

The DNA-PKcs gene has been mapped to 8ql 1, the Ku80/86 gene to 2ql l-ql3 and the 
Ku70 gene to 22ql 1 -q 1 3 . All three regions are subject to LOH in different cancers. 
LOH on 2q has been reported in lung ovary and cervical cancers at frequencies ranging 
from 1 1% to 39%. LOH for 8q has been reported in cervix, head and neck, kidney, 
lung, ovary, prostate and testis cancers at frequencies ranging from 20% to 50% of 
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cancers. LOH on 22q has been reported in brain, breast colon, head and neck, lung, 
ovary, pediatric and stomach cancers at frequencies ranging from 10 to 76%. Several 
other cancer types have not yet been well studied for LOH affecting either region. 

Other proteins required for repair of DNA strand breaks are also candidates for allele 
specific therapy of cancer 

It will be evident to one skilled in the art that strategies similar to those described 
above for DNA-PK could be undertaken for other proteins required for repair of DNA 
strand breaks. For a recent review of such proteins see: Zdzdenicka, M.Z., Mammalian 
mutants defective in the response to ionizing radiation-induced DNA damage. 
Mutation Research 336: 203-213, 1995; Thompson, L.H. and P.A. Jeggo, 
Nomenclature of human genes involved in ionizing radiation sensitivity. Mutation 
Research 337: 131-134, 1995; Thacker, J. and R.E. Wilkinson, The gentic basis of 
cellular recovery from radiation damage: response of the radiosensitive irs lines to low- 
dose rate irradiation. Radiation Research 144: 294-300, 1995. Two other syndromes 
with hypersensitivity to X-rays are Diamond-Blackfan anemia and aplastic anemia 
(Diemen, P.C., X-ray-sensitivity of lymphocytes of aplastic- and Diamond-Blackfan- 
anemia patients as detected by conventional cytogentic and chromosome painting 
techniques. Mutation Resarch 373: 225-235, 1997). Recently evidence of several 
other genes responsible for DNA double strand break repair has been described. 
(Nicolas, N., Finnie, N.J., et al., Eur. J. Immunol. 26:1 1 18-1122, 1996.) The above 
genes which, when defective, sensitize cells to toxic effects of DNA strand breaking 
agents would be amenable to the therapeutic strategy outlined above for the DNA-PK 
genes. Specifically, in a patient with two alternative alleles for such a gene and LOH 
at the relevant locus, an allele specific drug could be used to sensitize cancer cells to 
the action of strand breaking agents. Such drugs could then be used to treat cancer 
patients constitutionally heterozygous for two normal alleles at the relevant locus, in 
whom LOH had rendered cancer cells hemizygous or homozygous for one allele. 
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Treatment would consist in the administration of the appropriate allele specific 
inhibitor plus a strand breaking agent or treatment to induce damage in all cells. 
Cancer cells (but not normal cells) would be rendered unable to respond by inhibition 
of expression of the relevant repair gene. 

Alternatively, patients heterozygous for functional and defective copies of genes 
required for repair of strand breaks, and in whom LOH resulted in loss of the 
functional allele, could be treated by a strand break inducing procedure without the 
necessity for an allele specific inhibitor. Identification of such patients would require 
a test for heterozygosity at the target locus and a test for LOH which could show which 
allele is deleted in cancer cells. Such an approach would be expected to identify 
patients likely to respond well to strand breaking agents or procedures (exposure to 
ionizing radiation) even though they might have cancers not traditionally treated with 
such measures. 


Example 49. Ataxia Telangiectasia Mutated (ATM) and c-Abl 
Variagenics Target Gene 

The Ataxia Telangiectasia gene is essential for cell growth or survival in the presence 
of ionizing radiation or DNA damaging molecules 

In order for cells to survive or proliferate in the presence of ionizing radiation (IR) or 
radiomimetic chemicals it is necessary that they are capable of efficiently repairing IR 
induced damage. Cells contain proteins necessary for such repair. One way such 
proteins can be identified is by their absence in specific patients who are particularly 
susceptible to the toxic effects of IR. 
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Ataxia Telangiectasia (AT) is a genetically transmitted autosomal recessive disorder 
characterized by variable degrees of immunodeficiency, telagiectasia (small blood 
vessels growing near the surface of the skin or eye), cerebellar ataxia (loss of balance 
due to abnormal development of the cerebellum) and increased sensitivity to both 
ionizing radiation and radiomimetic drugs, including bleomycin; AT cells are killed 
by lower doses of ionizing radiation or radiomimetic drugs than normal cells. Further, 
heterozygotes for mutant and normal AT alleles have radiation sensitivity close to that 
of homozygous normals. Therefore cancer cells from individuals heterozygous for null 
alleles of the AT gene (called ATM) should be highly susceptible to radiation therapy 
when only the deficient AT allele remains in cancer cells due to LOH, compared to 
normal cells from the same patients. Such patients could be treated by a DNA damage 
inducing procedure without the necessity for an allele specific inhibitor. Identification 
of such patients would require a test for heterozygosity at the target locus and a test for 
LOH which could show which allele is deleted in cancer cells. Such an approach 
would be expected to identify patients likely to respond well to strand breaking agents 
or procedures (such as exposure to ionizing radiation) even though they might have 
cancers not traditionally treated with such measures. In a related aspect, this approach 
is applicable to heterozygotes for other genes associated with ATM-mediated 
radiosensitivity. One such protein is the c-Abl protein tyrosine kinase, which binds to 
the ATM protein and regulates its function. c-Abl is known to be important in the 
stress response to ionizing radiation. One of its functions is activation of stress 
activated protein kinases (SAPKs) after irradiation or exposure to alkylating agents 
such as c/s-platinum or mitomycin C, a response that is defective in ATM cells. 
Correction of the SAPK activation defect in ATM cells by non-mutant ATM cDNA 
suggests that the ATM - c-Abl interaction is necesary for the DNA damage response. 
(Kharbanda, S., et al. Nature 376: 785-788, 1995.) 

In a cancer patient with two alternative functional alleles for a component of ATM and 
LOH at the ATM locus, an allele specific inhibitory drug could be used to sensitize 
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cancer cells to the action of DNA damage inducing treatments such as ionizing 
radiation or radiomimetic drugs. Such an allele specific drug could be used to treat 
cancer patients constitutionally heterozygous for two normal ATM alleles in whom 
LOH had rendered cancer cells hemizygous or homozygous for one allele. Treatment 
would consist of the administration of the appropriate allele specific inhibitor plus a 
DNA damage inducing treatment or procedure. The tumor cells would be unable to 
effectively the DNA damage, while the uninhibited allele in normal cells would be able 
to function. A similar approach could be taken to 

The ATM gene is polymorphic 

The ATM cDNA is 9.58 kb. Several likely polymorphisms have been identified, 
although population studies have not yet been performed to determine allele 
frequencies. One of the reported polymorphisms, an ATG to ATA change in codon 
847, results in a methionine vs. isoleucine difference. Thus ATM is potentially 
targetable at the DNA, RNA and protein levels. It is likely that additional variances 
will be identified with broader population surveys and computational variance 
detection. 

The ATM gene maps to chromosome llq23 and the c-Abl gene maps to 9q34.1, two 
regions of high frequency LOH in different cancer types 

Chromosome 9q34 is lost in a high fraction of bladder, esophagus, ovary, head & neck 
and testis cancers (17 - 76%) and in a lesser fraction of breast, liver and prostate 
cancers and leukemias. Chromosome 1 lq23 is lost in brain, cervix, esophagus, breast, 
kidney, colon, stomach, head & neck and lung cancers at frequencies ranging from 
16% to 100%. 

Other proteins required for repair of DNA damage are also candidates for allele 
specific therapy of cancer 
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It will be evident to one skilled in the art that strategies similar to those described 
above for ATM and c-Abl could be undertaken for other proteins required for the stress 
response to DNA damaging agents, such as other stress activated protein kinases or 
downstream effector proteins. 
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Metbylguanine Methyltransferase (MGMT) 
Gene VARIA 1534 

The methylguanine methyltransferase gene is essential for cell growth or survival in 
5 the presence of alkylating agents 

Methylguanine methyltransferase (MGMT) is a suicide protein that repairs alkylating 
agent damage, specifically alkylation of the 6 0 position of guanine. Alkyl groups are 
covalently bound to an active site cysteine (residue 145) of MGMT, thereby 
10 irreversibly inactivating the protein. 6 0-benzylguanine is an analog inhibitor of 

MGMT that, by inactivating MGMT, renders tumor cells more sensitive to the toxic 
effects of methylating and chloroethylating agents. MGMT is thus a conditionally 
essential gene in the presence of such drugs. 6 0-benzylguanine is being developed as 
a chemosensitizing agent. 

15 

In a cancer patient with two alternative functional MGMT alleles an allele specific 
inhibitory drug could be used to sensitize cancer cells to the action of alkylating agents. 
Such an allele specific drug could be used to treat cancer patients constitutionally 
heterozygous for two normal MGMT alleles in whom LOH had rendered cancer cells 
20 hemizygous or homozygous for one allele. Treatment would consist of the 

administration of the appropriate allele specific inhibitor plus an alkylating agent. The 
tumor cells would be unable to effectively repair the alkylating agent induced DNA 
damage, while the uninhibited allele in normal cells would be able to function. 

25 The MGMT gene is polymorphic 


Several variances have been reported in human MGMT, or discovered by Variagenics, 
including three protein polymorphisms. There is a silent C/T variance at position 255 
(1 1% heterozygotes among 36 individuals surveyed), another C/T variance at nt. 346 
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which results in a L84F amino acid variance (5% heterozygotes), an A/G variance at 
nt. 523 which results in a 1 143V amino acid variance (24% heterozygotes). A variance 
has been reported in Japanese at codon 160, GGA vs. AGA, converting glycine to 
arginine. 15% of the population studied were heterozygotes. 

The alteration of glycine 160 to arginine reduced the inactivation by 06-benzylguanine 
with an approximately 20 fold increase in the IC50 concentration. These results 
demonstrate variance-specific effects of a small molecule, 06-benzylguanine, on 
normal (non-mutant) alleles of the conditionally essential MGMT gene. 

Administration of 06 benzylguanine to patients who are heterozygous for the residue 
160 gly/arg variance in their normal cells, and contain only the form of the gene with 
a glycine residue at position 160 in their cancer cells, together with methylating or 
chlcroethylating agents for chemotherapy, will be specifically toxic to cancer cells 
without increasing toxicity to normal cells. 

References 

1. Imai, Y, Carcinogenesis (1995), 16:2441-24445 

2. Edara, S. (1996) Resistance of the human 06-alkylguanine-DNA alkyltransferase 
containing arginine at codon 160 to inactivation by 06-benzylguanine. Cancer 
Research 56, 5571-5575. 

All patents and publications mentioned in the specification are indicative of the levels 
of skill of those skilled in the art to which the invention pertains. All references 
cited in this disclosure are incorporated by reference to the same extent as if each 
reference had been incorporated by reference in its entirety individually. 

One skilled in the art would readily appreciate that the present invention is well 
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adapted to carry out the objects and obtain the ends and advantages mentioned, as 
well as those inherent therein. The groups of genes and the particular genes 
described herein as presently representative of preferred embodiments are exemplary 
and are not intended as limitations on the scope of the invention. Changes therein 
and other uses will occur to those skilled in the art, which are encompassed within 
the spirit of the invention, are defined by the scope of the claims. 

It will be readily apparent to one skilled in the art that varying substitutions and 
modifications may be made to the invention disclosed herein without departing from 
the scope and spirit of the invention. For example, those skilled in the art will 
readily recognize that the methods and inhibitors can utilize a variety of different 
target genes within the groups described. Thus, such additional embodiments are 
within the scope of the present invention and the following claims. 

The invention illustratively described herein suitably may be practiced in the absence 
of any element or elements, limitation or limitations which is not specifically 
disclosed herein. Thus, for example, in each instance herein any of the terms 
"comprising", "consisting essentially or and "consisting of" may be replaced with 
either of the other two terms. The terms and expressions which have been employed 
are used as terms of description and not of limitation, and there is no intention that 
in the use of such terms and expressions of excluding any equivalents of the features 
shown and described or portions thereof, but it is recognized that various 
modifications are possible within the scope of the invention claimed. Thus, it should 
be understood that although the present invention has been specifically disclosed by 
preferred embodiments and optional features, modification and variation of the 
concepts herein disclosed may be resorted to by those skilled in the art, and that such 
modifications and variations are considered to be within the scope of this invention 
as defined by the appended claims. 
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In addition, where features or aspects of the invention are described in terms of 
Markush groups or other grouping of alternatives, those skilled in the art will 
recognize that the invention is also thereby described in terms of any individual 
member or subgroup of members of the Markush group or other group. 

Thus, additional embodiments are within the scope of the invention and within the 
following claims. 
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CL AIM S 

What we claim is: 

5 1 . A method for identifying an inhibitor potentially useful for treatment of cancer, 

wherein said inhibitor is active on a gene vital for cell growth or viability, and wherein 
said gene is subject to loss of heterozygosity in a cancer, said method comprising the 
steps of: 

(a) determining at least two alleles of a said gene, wherein said gene 
10 encodes a product required for cell proliferation; 

(b) testing a potential allele specific inhibitor to determine whether said 
potential allele specific inhibitor is active on at least one but less than all of said alleles; 

wherein inhibition of expression of at least one but less than all of said alleles 
or reduction of the level of activity of a product of at least one but less than all of said 
15 alleles in the presence of said potential allele specific inhibitor is indicative that said 

potential allele specific inhibitor is a said inhibitor. 

2. A method for identifying an inhibitor potentially useful for treatment of 

cancer, wherein said inhibitor is active on a gene vital for cell growth or viability, 
20 and wherein said gene is subject to loss of heterozygosity in a cancer, said method 

comprising the steps of: 

(a) determining at least two alleles of a said gene, wherein said gene 

encodes a product required to maintain inorganic ions and vitamins at levels 

compatible with cell growth or survival; 
25 (b) testing a potential allele specific inhibitor to determine whether said 

potential allele specific inhibitor is active on at least one but less than all of said 

alleles; 

wherein inhibition of expression of at least one but less than all of said alleles 
or reduction of the level of activity of a product of at least one but less than all of 
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said alleles in the presence of said potential allele specific inhibitor is indicative that 
said potential allele specific inhibitor is a said inhibitor. 

3. A method for identifying an inhibitor potentially useful for treatment of 
cancer, wherein said inhibitor is active on a gene vital for cell growth or viability, 
and wherein said gene is subject to loss of heterozygosity in a cancer, said method 
comprising the steps of: 

(a) determining at least two alleles of a said gene, wherein said gene 
encodes a product required to maintain organic compounds at levels compatible with 
cell growth or survival; 

(b) testing a potential allele specific inhibitor to determine whether said 
potential allele specific inhibitor is active on at least one but less than all of said 
alleles; 

wherein inhibition of expression of at least one but less than all of said alleles 
or reduction of the level of activity of a product of at least one but less than all of 
said alleles in the presence of said potential allele specific inhibitor is indicative that 
said potential allele specific inhibitor is a said inhibitor. 

4. A method for identifying an inhibitor potentially useful for treatment of 
cancer, wherein said inhibitor is active on a gene vital for cell growth or viability, 
and wherein said gene is subject to loss of heterozygosity in a cancer, said method 
comprising the steps of: 

(a) determining at least two alleles of a said gene, wherein said gene 
encodes a product required to maintain cellular proteins at levels compatible with cell 
growth or survival; 

(b) testing a potential allele specific inhibitor to determine whether said 
potential allele specific inhibitor is active on at least one but less than all of said 
alleles; 

wherein inhibition of expression of at least one but less than all of said alleles 
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or reduction of the level of activity of a product of at least one but less than all of 
said alleles in the presence of said potential allele specific inhibitor is indicative that 
said potential allele specific inhibitor is a said inhibitor. 

5. A method for identifying an inhibitor potentially useful for treatment of 
cancer, wherein said inhibitor is active on a gene vital for cell growth or viability, 
and wherein said gene is subject to loss of heterozygosity in a cancer, said method 
comprising the steps of: 

(a) determining at least two alleles of a said gene, wherein said gene 
encodes a product required to maintain cellular nucleotides at levels compatible with 
cell growth or survival; 

(b) testing a potential allele specific inhibitor to determine whether said 
potential allele specific inhibitor is active on at least one but less than all of said 
alleles; 

wherein inhibition of expression of at least one but less than all of said alleles 
or reduction of the level of activity of a product of at least one but less than all of 
said alleles in the presence of said potential allele specific inhibitor is indicative that 
said potential allele specific inhibitor is a said inhibitor. 

6. A method for identifying an inhibitor potentially useful for treatment of 
cancer, wherein said inhibitor is active on a gene vital for cell growth or viability, 
and wherein said gene is subject to loss of heterozygosity in a cancer, said method 
comprising the steps of: 

(a) determining at least two alleles of a said gene, wherein said gene 
encodes a product required to maintain the integrity and function of cellular and 
subcellular structures; 

(b) testing a potential allele specific inhibitor to determine whether said 
potential allele specific inhibitor is active on at least one but less than all of said 
alleles; 
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wherein inhibition of expression of at least one but less than all of said alleles 
or reduction of the level of activity of a product of at least one but less than all of 
said alleles in the presence of said potential allele specific inhibitor is indicative that 
said potential allele specific inhibitor is a said inhibitor. 

7. A method for identifying an inhibitor potentially useful for treatment of 
cancer, wherein said inhibitor is active on a gene vital for cell growth or viability, 
and wherein said gene is subject to loss of heterozygosity in a cancer, said method 
comprising the steps of: 

(a) determining at least two alleles of a said gene, wherein said gene is 
located on a high frequency LOH chromosomal region; 

(b) testing a potential allele specific inhibitor to determine whether said 
potential allele specific inhibitor is active on at least one but less than all of said 
alleles; 

wherein inhibition of expression of at least one but less than all of said alleles 
or reduction of the level of activity of a product of at least one but less than all of 
said alleles in the presence of said potential allele specific inhibitor is indicative that 
said potential allele specific inhibitor is a said inhibitor. 

8. The method of claim 7, wherein said gene is located on a chromosomal arm 
which has a frequency of allele loss of at least 15% in a cancer. 

9. The method of claim 7, wherein said gene is located in proximity to a 
chromosomal marker which undergoes LOH at a frequency of at least 10% in a 
cancer. 

10. The method of claim 7, wherein said gene is located in proximity to a tumor 
suppressor gene which undergoes LOH at a frequency of at least 10% in a cancer. 
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11. A method for identifying an inhibitor potentially useful for treatment of 
cancer, wherein said inhibitor is active on a gene vital for cell growth or viability, 
and wherein said gene is subject to loss of heterozygosity in a cancer, said method 
comprising the steps of: 

(a) determining at least two alleles of a said gene, wherein said gene has 
at least two sequence variances which occur at frequences such that at least 10% of 
a population is heterozygous for said gene; 

(b) testing a potential allele specific inhibitor to determine whether said 
potential allele specific inhibitor is active on at least one but less than all of said 
alleles; 

wherein inhibition of expression of at least one but less than all of said alleles 
or reduction of the level of activity of a product of at least one but less than all of 
said alleles in the presence of said potential allele specific inhibitor is indicative that 
said potential allele specific inhibitor is a said inhibitor. 

12. The method of claim 11, wherein said gene is located on a high frequency 
LOH chromosomal region. 

13. An inhibitor potentially useful for treatment of cancer, wherein said inhibitor 
is active on an allelic form of a gene vital for cell viability or cell growth, wherein 
said gene encodes a product required for cell proliferation, said gene has at least two 
alternative alleles in a population, and 

wherein said inhibitor targets at least one but less than all of said alternative 

alleles. 

14. An inhibitor potentially useful for treatment of cancer, wherein said inhibitor 
is active on an allelic form of a gene vital for cell viability or cell growth, wherein 
said gene encodes a product required to maintain inorganic ions and vitamins at 
levels compatible with cell growth or survival, said gene has at least two alternative 
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alleles in a population, and 

wherein said inhibitor targets at least one but less than all of said alternative 

alleles. 


15. An inhibitor potentially useful for treatment of cancer, wherein said inhibitor 
is active on an allelic form of a gene vital for cell viability or cell growth.wherein 
said gene encodes a product required to maintain organic compounds at levels 
compatible with cell growth or survival, said gene has at least two alternative alleles 
in a population, and 

wherein said inhibitor targets at least one but less than all of said alternative 

alleles. 

16. An inhibitor potentially useful for treatment of cancer, wherein said inhibitor 
is active on an allelic form of a gene vital for cell viability or cell growth.wherein 
said gene encodes a product required to maintain cellular proteins at levels 
compatible with cell growth or survival, said gene has at least two alternative alleles 
in a population, and 

wherein said inhibitor targets at least one but less than all of said alternative 

alleles. 

17. An inhibitor potentially useful for treatment of cancer, wherein said inhibitor 
is active on an allelic form of a gene vital for cell viability or cell growth.wherein 
said gene encodes a product required to maintain cellular nucleotides at levels 
compatible with cell growth or survival, said gene has at least two alternative alleles 
in a population, and 

wherein said inhibitor targets at least one but less than all of said alternative 

alleles. 
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18. An inhibitor potentially useful for treatment of cancer, wherein said inhibitor 
is active on an allelic form of a gene vital for cell viability or cell growth, wherein 
said gene encodes a product required to maintain the integrity and function of 
cellular and subcellular structures, said gene has at least two alternative alleles in a 
population, and 

wherein said inhibitor targets at least one but less than all of said alternative 

alleles. 

19. An inhibitor potentially useful for treatment of cancer, wherein said inhibitor 
is active on an allelic form of a gene vital for cell viability or cell growth, wherein 
said gene is located on a high frequency LOH chromosomal arm region, said gene 
has at least two alternative alleles in a population, and 

wherein said inhibitor targets at least one but less than all of said alternative 

alleles. 

20. An inhibitor potentially useful for treatment of cancer, wherein said inhibitor 
is active on an allelic form of a gene vital for cell viability or cell growth, wherein 
said gene has at least two sequence variances which occur at frequences such that at 
least 10% of a population is heterozygous for said gene, said gene has at least two 
alternative alleles in a population, and 

wherein said inhibitor targets at least one but less than all of said alternative 

alleles. 

21. A pharmaceutical composition, comprising 

at least one allele specific inhibitor targeting at least one but less than all 
allelic forms of an essential gene in a population, wherein said gene encodes a 
product required for cell proliferation; and 

a pharmaceutically acceptable carrier or excipient. 
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22. A pharmaceutical composition, comprising 

at least one allele specific inhibitor targeting at least one but less than all 
allelic forms of an essential gene in a population, wherein said gene encodes a 
product required to maintain inorganic ions and vitamins at levels compatible with 
cell growth or survival; and 

a pharmaceutically acceptable carrier or excipient. 


23 . A pharmaceutical composition, comprising 

at least one allele specific inhibitor targeting at least one but less than all 
allelic forms of an essential gene in a population, wherein said gene encodes a 
product required to maintain organic compounds at levels compatible with cell 
growth or survival; and 

a pharmaceutically acceptable carrier or excipient. 

24. A pharmaceutical composition, comprising 

at least one allele specific inhibitor targeting at least one but less than all 
allelic forms of an essential gene in a population, wherein said gene encodes a 
product required to maintain cellular proteins at levels compatible with cell growth 
or survival; and 

a pharmaceutically acceptable carrier or excipient. 

25. A pharmaceutical composition, comprising 

at least one allele specific inhibitor targeting at least one but less than all 
allelic forms of an essential gene in a population, wherein said gene encodes a 
product required to maintain cellular nucleotides at levels compatible with cell 
growth or survival; and 

a pharmaceutically acceptable carrier or excipient. 
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26. A pharmaceutical composition, comprising 

at least one allele specific inhibitor targeting at least one but less than all 
allelic forms of an essential gene in a population, wherein said gene encodes a 
product required to maintain the integrity and function of cellular and subcellular 
structures; and 

a pharmaceutically acceptable carrier or excipient. 


27. A pharmaceutical composition, comprising 

at least one allele specific inhibitor targeting at least one but less than all 
allelic forms of an essential gene in a population, wherein said gene is located on a 
high frequency LOH chromosomal arm region; and 

a pharmaceutically acceptable carrier or excipient. 

28. A pharmaceutical composition, comprising 

at least one allele specific inhibitor targeting at least one but less than all 
allelic forms of an essential gene in a population, wherein said gene has at least two 
sequence variances which occur at frequences such that at least 10% of a population 
is heterozygous for said gene; and 

a pharmaceutically acceptable carrier or excipient. 

29. A method for producing an inhibitor potentially useful for cancer treatment, 
wherein said inhibitor is active on at least one but less than all alternative alleles of 
a gene having at least two alternative alleles, comprising the steps of: 

(a) identifying a gene vital to cell viability or cell growth that has alternative 
allelic forms in a noncancerous cell, wherein one of said alternative allelic forms is 
deleted in a cancer cell, and wherein said gene encodes a product required for cell 
proliferation; 
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(b) screening to identify an inhibitor which inhibits said at least one but less 
than all of said at least two alternative alleles; and 

(c) synthesizing said inhibitor in an amount sufficient to produce a therapeutic 
effect when administered to a patient suffering from a cancer in which cancerous 
cells have only the allele of said gene inhibited by said inhibitor and in whom normal 
cells are heterozygous for said gene. 

30. A method for producing an inhibitor potentially useful for cancer treatment, 
wherein said inhibitor is active on at least one but less than all alternative alleles of 
a gene having at least two alternative alleles, comprising the steps of: 

(a) identifying a gene vital to cell viability or cell growth that has alternative 
allelic forms in a noncancerous cell, wherein one of said alternative allelic forms is 
deleted in a cancer cell, and wherein said gene encodes a product required to 
maintain inorganic ions and vitamins at levels compatible with cell growth or 
survival; 

(b) screening to identify an inhibitor which inhibits said at least one but less 
than all of said at least two alternative alleles; and 

(c) synthesizing said inhibitor in an amount sufficient to produce a therapeutic 
effect when administered to a patient suffering from a cancer in which cancerous 
cells have only the allele of said gene inhibited by said inhibitor and in whom normal 
cells are heterozygous for said gene. 

31 . A method for producing an inhibitor potentially useful for cancer treatment, 
wherein said inhibitor is active on at least one but less than all alternative alleles of 
a gene having at least two alternative alleles, comprising the steps of: 

(a) identifying a gene vital to cell viability or cell growth that has alternative 
allelic forms in a noncancerous cell, wherein one of said alternative allelic forms is 
deleted in a cancer cell, and wherein said gene encodes a product required to 
maintain organic compounds at levels compatible with cell growth or survival; 
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(b) screening to identify an inhibitor which inhibits said at least one but less 
than all of said at least two alternative alleles; and 

(c) synthesizing said inhibitor in an amount sufficient to produce a therapeutic 
effect when administered to a patient suffering from a cancer in which cancerous 
cells have only the allele of said gene inhibited by said inhibitor and in whom normal 
cells are heterozygous for said gene. 

32. A method for producing an inhibitor potentially useful for cancer treatment, 
wherein said inhibitor is active on at least one but less than all alternative alleles of 
a gene having at least two alternative alleles, comprising the steps of: 

(a) identifying a gene vital to cell viability or cell growth that has alternative 
allelic forms in a noncancerous cell, wherein one of said alternative allelic forms is 
deleted in a cancer cell, and wherein said gene encodes a product required to 
maintain cellular proteins at levels compatible with cell growth or survival; 

(b) screening to identify an inhibitor which inhibits said at least one but less 
than all of said at least two alternative alleles; and 

(c) synthesizing said inhibitor in an amount sufficient to produce a therapeutic 
effect when administered to a patient suffering from a cancer in which cancerous 
cells have only the allele of said gene inhibited by said inhibitor and in whom normal 
cells are heterozygous for said gene. 

33. A method for producing an inhibitor potentially useful for cancer treatment, 
wherein said inhibitor is active on at least one but less than all alternative alleles of 
a gene having at least two alternative alleles, comprising the steps of: 

(a) identifying a gene vital to cell viability or cell growth that has alternative 
allelic forms in a noncancerous cell, wherein one of said alternative allelic forms is 
deleted in a cancer cell, and wherein said gene encodes a product required to 
maintain cellular nucleotides at levels compatible with cell growth or survival; 

(b) screening to identify an inhibitor which inhibits said at least one but less 
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than all of said at least two alternative alleles; and 

(c) synthesizing said inhibitor in an amount sufficient to produce a therapeutic 
effect when administered to a patient suffering from a cancer in which cancerous 
cells have only the allele of said gene inhibited by said inhibitor and in whom normal 
cells are heterozygous for said gene. 

34. A method for producing an inhibitor potentially useful for cancer treatment, 
wherein said inhibitor is active on at least one but less than all alternative alleles of 
a gene having at least two alternative alleles, comprising the steps of: 

(a) identifying a gene vital to cell viability or cell growth that has alternative 
allelic forms in a noncancerous cell, wherein one of said alternative allelic forms is 
deleted in a cancer cell, and wherein said gene encodes a product required to 
maintain the integrity and function of cellular and subcellular structures; 

(b) screening to identify an inhibitor which inhibits said at least one but less 
than all of said at least two alternative alleles; and 

(c) synthesizing said inhibitor in an amount sufficient to produce a therapeutic 
effect when administered to a patient suffering from a cancer in which cancerous 
cells have only the allele of said gene inhibited by said inhibitor and in whom normal 
cells are heterozygous for said gene. 

35. A method for producing an inhibitor potentially useful for cancer treatment, 
wherein said inhibitor is active on at least one but less than all alternative alleles of 
a gene having at least two alternative alleles, comprising the steps of: 

(a) identifying a gene vital to cell viability or cell growth that has alternative 
allelic forms in a noncancerous cell, wherein one of said alternative allelic forms is 
deleted in a cancer cell, and wherein said gene is located on a high frequency LOH 
chromosomal arm region; 

(b) screening to identify an inhibitor which inhibits said at least one but less 
than all of said at least two alternative alleles; and 
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(c) synthesizing said inhibitor in an amount sufficient to produce a therapeutic 
effect when administered to a patient suffering from a cancer in which cancerous 
cells have only the allele of said gene inhibited by said inhibitor and in whom normal 
cells are heterozygous for said gene. 

36. A method for producing an inhibitor potentially useful for cancer treatment, 
wherein said inhibitor is active on at least one but less than all alternative alleles of 
a gene having at least two alternative alleles, comprising the steps of: 

(a) identifying a gene vital to cell viability or cell growth that has alternative 
allelic forms in a noncancerous cell, wherein one of said alternative allelic forms is 
deleted in a cancer cell, and wherein said gene has at least two sequence variances 
which occur at frequences such that at least 10% of a population is heterozygous for 
said gene; 

(b) screening to identify an inhibitor which inhibits said at least one but less 
than all of said at least two alternative alleles; and 

(c) synthesizing said inhibitor in an amount sufficient to produce a therapeutic 
effect when administered to a patient suffering from a cancer in which cancerous 
cells have only the allele of said gene inhibited by said inhibitor and in whom normal 
cells are heterozygous for said gene. 

37. A method for preventing the development of cancer in a patient having a 
precancerous condition, comprising the steps of: 

a. aclministering to said patient a therapeutic amount of a first allele specific 
inhibitor targeted to an allele of a first essential gene present in cells of said 
precancerous condition, wherein the normal somatic cells of said patient are 
heterozygous for said first gene, said inhibitor is active on at least one but less than 
all allelic forms of said gene present in a population and targets only one allelic form 
present in said normal somatic cells, and said first gene encodes a product required 
for cell proliferation; and 
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wherein cells of said precancerous condition have undergone LOH of said 
first gene. 

38. The method of claim 37, wherein the cells of said precancerous condition are 
5 not clonal from a single cell, further comprising the step of: 

b. serially administering to said patient at least one additional allele specific 
inhibitor, wherein each of said at least one additional allele specific inhibitors targets 
a different allele of an essential gene than is targeted by said first allele specific 
inhibitor, wherein said different allele may be a different allele of said first gene or 
10 an allele of a different essential gene, and wherein said patient is heterozygous for 

each targeted essential gene and each targeted essential gene has undergone LOH in 
cells of said precancerous condition. 


39. A method for preventing the development of cancer in a patient having a 
precancerous condition, comprising the steps of: 

a. administering to said patient a therapeutic amount of a first allele specific 
inhibitor targeted to an allele of a first essential gene present in cells of said 
precancerous condition, wherein the normal somatic cells of said patient are 
heterozygous for said first gene, said inhibitor is active on at least one but less than 
all allelic forms of said gene present in a population and targets only one allelic form 
present in said normal somatic cells, and said first gene encodes a product required 
to maintain inorganic ions and vitamins at levels compatible with cell growth or 
survival; and 

wherein cells of said precancerous condition have undergone LOH of said 
first gene. 

40. The method of claim 39, wherein the cells of said precancerous condition are 
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not clonal from a single cell, further comprising the step of: 

b. serially administering to said patient at least one additional allele specific 
inhibitor, wherein each of said at least one additional allele specific inhibitors targets 
a different allele of an essential gene than is targeted by said first allele specific 
inhibitor, wherein said different allele may be a different allele of said first gene or 
an allele of a different essential gene, and wherein said patient is heterozygous for 
each targeted essential gene and each targeted essential gene has undergone LOH in 
cells of said precancerous condition. 

41. A method for preventing the development of cancer in a patient having a 
precancerous condition, comprising the steps of: 

a. administering to said patient a therapeutic amount of a first allele specific 
inhibitor targeted to an allele of a first essential gene present in cells of said 
precancerous condition, wherein the normal somatic cells of said patient are 
heterozygous for said first gene, said inhibitor is active on at least one but less than 
all allelic forms of said gene present in a population and targets only one allelic form 
present in said normal somatic cells, and said first gene encodes a product required 
to maintain organic compounds at levels compatible with cell growth or survival; and 

wherein cells of said precancerous condition have undergone LOH of said 
first gene. 

42. The method of claim 41 , wherein the cells of said precancerous condition are 
not clonal from a single cell, further comprising the step of: 

b. serially administering to said patient at least one additional allele specific 
inhibitor, wherein each of said at least one additional allele specific inhibitors targets 
a different allele of an essential gene than is targeted by said first allele specific 
inhibitor, wherein said different allele may be a different allele of said first gene or 
an allele of a different essential gene, and wherein said patient is heterozygous for 
each targeted essential gene and each targeted essential gene has undergone LOH in 
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cells of said precancerous condition. 

43. A method for preventing the development of cancer in a patient having a 
precancerous condition, comprising the steps of: 

a. administering to said patient a therapeutic amount of a first allele specific 
inhibitor targeted to an allele of a first essential gene present in cells of said 
precancerous condition, wherein the normal somatic cells of said patient are 
heterozygous for said first gene, said inhibitor is active on at least one but less than 
all allelic forms of said gene present in a population and targets only one allelic form 
present in said normal somatic cells, and said first gene encodes a product required 
to maintain cellular proteins at levels compatible with cell growth or survival; and 

wherein cells of said precancerous condition have undergone LOH of said 
first gene. 

44. The method of claim 43, wherein the cells of said precancerous condition are 
not clonal from a single cell, further comprising the step of: 

b. serially administering to said patient at least one additional allele specific 
inhibitor, wherein each of said at least one additional allele specific inhibitors targets 
a different allele of an essential gene than is targeted by said first allele specific 
inhibitor, wherein said different allele may be a different allele of said first gene or 
an allele of a different essential gene, and wherein said patient is heterozygous for 
each targeted essential gene and each targeted essential gene has undergone LOH in 
cells of said precancerous condition. 

45. A method for preventing the development of cancer in a patient having a 
precancerous condition, comprising the steps of: 

a. administering to said patient a therapeutic amount of a first allele specific 
inhibitor targeted to an allele of a first essential gene present in cells of said 
precancerous condition, wherein the normal somatic cells of said patient are 
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heterozygous for said first gene, said inhibitor is active on at least one but less than 
all allelic forms of said gene present in a population and targets only one allelic form 
present in said normal somatic cells, and said first gene encodes a product required 
to maintain cellular nucleotides at levels compatible with cell growth or survival; and 
wherein cells of said precancerous condition have undergone LOH of said 
first gene. 

46. The method of claim 45, wherein the cells of said precancerous condition are 
not clonal from a single cell, further comprising the step of: 

b. serially administering to said patient at least one additional allele specific 
inhibitor, wherein each of said at least one additional allele specific inhibitors targets 
a different allele of an essential gene than is targeted by said first allele specific 
inhibitor, wherein said different allele may be a different allele of said first gene or 
an allele of a different essential gene, and wherein said patient is heterozygous for 
each targeted essential gene and each targeted essential gene has undergone LOH in 
cells of said precancerous condition. 

47. A method for preventing the development of cancer in a patient having a 
precancerous condition, comprising the steps of: 

a. administering to said patient a therapeutic amount of a first allele specific 
inhibitor targeted to an allele of a first essential gene present in cells of said 
precancerous condition, wherein the normal somatic cells of said patient are 
heterozygous for said first gene, said inhibitor is active on at least one but less than 
all allelic forms of said gene present in a population and targets only one allelic form 
present in said normal somatic cells, and said first gene encodes a product required 
to maintain the integrity and function of cellular and subcellular structures; and 

wherein cells of said precancerous condition have undergone LOH of said 
first gene. 
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48. The method of claim 47, wherein the cells of said precancerous condition are 
not clonal from a single cell, further comprising the step of: 

b. serially administering to said patient at least one additional allele specific 
inhibitor, wherein each of said at least one additional allele specific inhibitors targets 
a different allele of an essential gene than is targeted by said first allele specific 
inhibitor, wherein said different allele may be a different allele of said first gene or 
an allele of a different essential gene, and wherein said patient is heterozygous for 
each targeted essential gene and each targeted essential gene has undergone LOH in 
cells of said precancerous condition. 

49. A method for preventing the development of cancer in a patient having a 
precancerous condition, comprising the steps of: 

a. administering to said patient a therapeutic amount of a first allele specific 
inhibitor targeted to an allele of a first essential gene present in cells of said 
precancerous condition, wherein the normal somatic cells of said patient are 
heterozygous for said first gene, said inhibitor is active on at least one but less than 
all allelic forms of said gene present in a population and targets only one allelic form 
present in said normal somatic cells, and said first gene is located on a high 
frequency LOH chromosomal arm region; and 

wherein cells of said precancerous condition have undergone LOH of said 
first gene. 

50. The method of claim 49, wherein the cells of said precancerous condition are 
not clonal from a single cell, further comprising the step of: 

b. serially aclniinistering to said patient at least one additional allele specific 
inhibitor, wherein each of said at least one additional allele specific inhibitors targets 
a different allele of an essential gene than is targeted by said first allele specific 
inhibitor, wherein said different allele may be a different allele of said first gene or 
an allele of a different essential gene, and wherein said patient is heterozygous for 
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each targeted essential gene and each targeted essential gene has undergone LOH in 
cells of said precancerous condition. 

51. A method for preventing the development of cancer in a patient having a 
precancerous condition, comprising the steps of: 

a. administering to said patient a therapeutic amount of a first allele specific 
inhibitor targeted to an allele of a first essential gene present in cells of said 
precancerous condition, wherein the normal somatic cells of said patient are 
heterozygous for said first gene, said inhibitor is active on at least one but less than 
all allelic forms of said gene present in a population and targets only one allelic form 
present in said normal somatic cells, and said first gene has at least two sequence 
variances which occur at frequences such that at least 10% of a population is 
heterozygous for said gene; and 

wherein cells of said precancerous condition have undergone LOH of said 
first gene. 

52. The method of claim 51 , wherein the cells of said precancerous condition are 
not clonal from a single cell, further comprising the step of: 

b. serially administering to said patient at least one additional allele specific 
inhibitor, wherein each of said at least one additional allele specific inhibitors targets 
a different allele of an essential gene than is targeted by said first allele specific 
inhibitor, wherein said different allele may be a different allele of said first gene or 
an allele of a different essential gene, and wherein said patient is heterozygous for 
each targeted essential gene and each targeted essential gene has undergone LOH in 
cells of said precancerous condition. 

53. A method for treating a patient suffering from a cancer, wherein said patient 
is heterozygous for a gene vital for cell growth or viability, comprising the step of: 

administering a therapeutic amount of an allele specific inhibitor active on at 
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least one but less than all allelic forms of said gene present in a population, 

wherein said gene encodes a product required for cell proliferation, said allele 
specific inhibitor inhibits only one allelic form of said gene present in said patient, 
and said only one allelic form of said gene is present in cancer cells in said patient. 

5 

54. The method of claim 53, further comprising the steps of: 

(a) determining whether non-cancerous cells of said patient are 
heterozygous for a particular gene essential for cell growth or viability; or 

(b) determining whether cancerous cells of said patient have only one 
10 allele of said particular gene; or 

(c) both (a) and (b). 

55. A method for treating a patient suffering from a cancer, wherein said patient 
is heterozygous for a gene vital for cell growth or viability, comprising the step of: 

administering a therapeutic amount of an allele specific inhibitor active on at 
least one but less than all allelic forms of said gene present in a population, 

wherein said gene encodes a product required to maintain inorganic ions and 
vitamins at levels compatible with cell growth or survival, said allele specific 
inhibitor inhibits only one allelic form of said gene present in said patient, and said 
only one allelic form of said gene is present in cancer cells in said patient. 

56. The method of claim 55, further comprising the steps of: 
(a) determining whether non-cancerous cells of said patient are 

heterozygous for a particular gene essential for cell growth or viability; or 
25 (b) determining whether cancerous cells of said patient have only one 

allele of said particular gene; or 
(c) both (a) and (b). 

57. A method for treating a patient suffering from a cancer, wherein said patient 
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is heterozygous for a gene vital for cell growth or viability, comprising the step of: 
administering a therapeutic amount of an allele specific inhibitor active on at 

least one but less than all allelic forms of said gene present in a population, 

wherein said gene encodes a product required to maintain organic compounds 

at levels compatible with cell growth or survival, said allele specific inhibitor inhibits 

only one allelic form of said gene present in said patient, and said only one allelic 

form of said gene is present in cancer cells in said patient. 

58. The method of claim 57, further comprising the steps of: 

(a) determining whether non-cancerous cells of said patient are 
heterozygous for a particular gene essential for cell growth or viability; or 

(b) determining whether cancerous cells of said patient have only one 
allele of said particular gene; or 

(c) both (a) and (b). 

59. A method for treating a patient suffering from a cancer, wherein said patient 
is heterozygous for a gene vital for cell growth or viability, comprising the step of: 

administering a therapeutic amount of an allele specific inhibitor active on at 
least one but less than all allelic forms of said gene present in a population, 

wherein said gene encodes a product required to maintain cellular proteins 
at levels compatible with cell growth or survival, said allele specific inhibitor inhibits 
only one allelic form of said gene present in said patient, and said only one allelic 
form of said gene is present in cancer cells in said patient. 

60. The method of claim 59, further comprising the steps of: 

(a) determining whether non-cancerous cells of said patient are 
heterozygous for a particular gene essential for cell growth or viability; or 

(b) determining whether cancerous cells of said patient have only one 
allele of said particular gene; or 
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(c) both (a) and (b). 

61 . A method for treating a patient suffering from a cancer, wherein said patient 
is heterozygous for a gene vital for cell growth or viability, comprising the step of: 

administering a therapeutic amount of an allele specific inhibitor active on at 
least one but less than all allelic forms of said gene present in a population, 

wherein said gene encodes a product required to maintain cellular nucleotides 
at levels compatible with cell growth or survival, said allele specific inhibitor inhibits 
only one allelic form of said gene present in said patient, and said only one allelic 
form of said gene is present in cancer cells in said patient. 

62. The method of claim 61, further comprising the steps of: 

(a) determining whether non-cancerous cells of said patient are 
heterozygous for a particular gene essential for cell growth or viability; or 

(b) determining whether cancerous cells of said patient have only one 
allele of said particular gene; or 

(c) both (a) and (b). 

63. A method for treating a patient suffering from a cancer, wherein said patient 
is heterozygous for a gene vital for cell growth or viability, comprising the step of: 

administering a therapeutic amount of an allele specific inhibitor active on at 
least one but less than all allelic forms of said gene present in a population, 

wherein said gene encodes a product required to maintain the integrity and 
function of cellular and subcellular structures, said allele specific inhibitor inhibits 
only one allelic form of said gene present in said patient, and said only one allelic 
form of said gene is present in cancer cells in said patient. 

64. The method of claim 63, further comprising the steps of: 

(a) determining whether non-cancerous cells of said patient are 
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heterozygous for a particular gene essential for cell growth or viability; or 

(b) determining whether cancerous cells of said patient have only one 
allele of said particular gene; or 

(c) both (a) and (b). 

65 . A method for treating a patient suffering from a cancer, wherein said patient 
is heterozygous for a gene vital for cell growth or viability, comprising the step of: 

adrninistering a therapeutic amount of an allele specific inhibitor active on at 
least one but less than all allelic forms of said gene present in a population, 

wherein said gene is located on a high frequency LOH chromosomal arm 
region, said allele specific inhibitor inhibits only one allelic form of said gene 
present in said patient, and said only one allelic form of said gene is present in 
cancer cells in said patient. 

66. The method of claim 65, further comprising the steps of: 

(a) determining whether non-cancerous cells of said patient are 
heterozygous for a particular gene essential for cell growth or viability; or 

(b) determining whether cancerous cells of said patient have only one 
allele of said particular gene; or 

(c) both (a) and (b). 

67. A method for treating a patient suffering from a cancer, wherein said patient 
is heterozygous for a gene vital for cell growth or viability, comprising the step of: 

administering a therapeutic amount of an allele specific inhibitor active on at 
least one but less than all allelic forms of said gene present in a population, 

wherein said gene has at least two sequence variances which occur at 
frequences such that at least 10% of a population is heterozygous for said gene, said 
allele specific inhibitor inhibits only one allelic form of said gene present in said 
patient, and said only one allelic form of said gene is present in cancer cells in said 
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patient. 

68. The method of claim 67, further comprising the steps of: 

(a) determining whether non-cancerous cells of said patient are 
5 heterozygous for a particular gene essential for cell growth or viability; or 

(b) determining whether cancerous cells of said patient have only one 
allele of said particular gene; or 

(c) both (a) and (b). 

10 69. A method of inhibiting growth of a cell comprising the step of: 

administering at least one inhibitor active on an allele of a gene vital for cell 

viability or growth, 

wherein said gene encodes a product required for cell proliferation, and 

wherein said inhibitor is less active on at least one other allele of said gene. 

15 

70. A method of inhibiting growth of a cell comprising the step of: 
administering at least one inhibitor active on an allele of a gene vital for cell 

viability or growth, 

wherein said gene encodes a product required to maintain inorganic ions and 
20 vitamins at levels compatible with cell growth or survival, and wherein said inhibitor 

is less active on at least one other allele of said gene. 

71 . A method of inhibiting growth of a cell comprising the step of: 
administering at least one inhibitor active on an allele of a gene vital for cell 

25 viability or growth, 

wherein said gene encodes a product required to maintain organic compounds 
at levels compatible with cell growth or survival, and wherein said inhibitor is less 
active on at least one other allele of said gene. 
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72. A method of inhibiting growth of a cell comprising the step of: 
administering at least one inhibitor active on an allele of a gene vital for cell 

viability or growth, 

wherein said gene encodes a product required to maintain cellular proteins 
5 at levels compatible with cell growth or survival, and wherein said inhibitor is less 

active on at least one other allele of said gene. 

73. A method of inhibiting growth of a cell comprising the step of: 
administering at least one inhibitor active on an allele of a gene vital for cell 

10 viability or growth, 

wherein said gene encodes a product required to maintain cellular nucleotides 
at levels compatible with cell growth or survival, and wherein said inhibitor is less 
active on at least one other allele of said gene. 

15 74. A method of inhibiting growth of a cell comprising the step of: 

administering at least one inhibitor active on an allele of a gene vital for cell 
viability or growth, 

wherein said gene encodes a product required to maintain the integrity and 
function of cellular and subcellular structures, and wherein said inhibitor is less 
20 active on at least one other allele of said gene. 

75. A method of inhibiting growth of a cell comprising the step of: 

adrninistering at least one inhibitor active on an allele of a gene vital for cell 
viability or growth, 

25 wherein said gene is located on a high frequency LOH chromosomal arm 

region, and wherein said inhibitor is less active on at least one other allele of said 
gene. 


76. 


A method of inhibiting growth of a cell comprising the step of: 


WO 98/41648 


PCT/US98/05419 


359 232/116 

administering at least one inhibitor active on an allele of a gene vital for cell 
viability or growth, 

wherein said gene has at least two sequence variances which occur at 
frequences such that at least 10% of a population is heterozygous for said gene, and 
wherein said inhibitor is less active on at least one other allele of said gene. 

77. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
step of: 

identifying a patient heterozygous for a said gene encoding a product required 
for cell proliferation, 

wherein if said patient is heterozygous for said gene, then said patient is a 
potential patient for said treatment. 

78. The method of claim 77, further comprising the step of determining whether 
cancer cells in said patient contain only a single allele of said gene, 

wherein if said cancer cells contain only a single allele of said gene, then said 
patient is a potential patient for said treatment. 

79. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
step of: 

determining whether cancer cells in said patient have undergone LOH of a 
said gene encoding a product required for cell proliferation, 

wherein if said cells have undergone LOH of said gene, then said patient is 
a potential patient for said treatment. 
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80. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
step of: 

identifying a patient heterozygous for a said gene encoding a product required 
to maintain inorganic ions and vitamins at levels compatible with cell growth or 
survival, 

wherein if said patient is heterozygous for said gene, then said patient is a 
potential patient for said treatment. 

81 . The method of claim 80, further comprising the step of determining whether 
cancer cells in said patient contain only a single allele of said gene, 

wherein if said cancer cells contain only a single allele of said gene, then said 
patient is a potential patient for said treatment. 

82. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
step of: 

determining whether cancer cells in said patient have undergone LOH of a 
said gene encoding a product required to maintain inorganic ions and vitamins at 
levels compatible with cell growth or survival, 

wherein if said cells have undergone LOH of said gene, then said patient is 
a potential patient for said treatment. 

83. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
steps of: 
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identifying a patient heterozygous for a said gene encoding a product required 
to maintain organic compounds at levels compatible with cell growth or survival; 

wherein if said patient is heterozygous for said gene, then said patient is a 
potential patient for said treatment. 

84. The method of claim 83, further comprising the step of determining whether 
cancer cells in said patient contain only a single allele of said gene, 

wherein if said cancer cells contain only a single allele of said gene, then said 
patient is a potential patient for said treatment. 

85. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
step of: 

determining whether cancer cells in said patient have undergone LOH of a 
said gene encoding a product required to maintain organic compounds at levels 
compatible with cell growth or survival, 

wherein if said cells have undergone LOH of said gene, then said patient is 
a potential patient for said treatment. 

86. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
steps of: 

identifying a patient heterozygous for a said gene encoding a product required 
to maintain cellular proteins at levels compatible with cell growth or survival ; 

wherein if said patient is heterozygous for said gene, then said patient is a 
potential patient for said treatment. 
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87. The method of claim 86, further comprising the step of determining whether 
cancer cells in said patient contain only a single allele of said gene, 

wherein if said cancer cells contain only a single allele of said gene, then said 
patient is a potential patient for said treatment. 

88. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
step of: 

determining whether cancer cells in said patient have undergone LOH of a 
said gene encoding a product required to maintain cellular proteins at levels 
compatible with cell growth or survival , 

wherein if said cells have undergone LOH of said gene, then said patient is 
a potential patient for said treatment. 

89. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
steps of: 

identifying a patient heterozygous for a said gene encoding a product required 
to maintain cellular nucleotides at levels compatible with cell growth or survival ; 

wherein if said patient is heterozygous for said gene, then said patient is a 
potential patient for said treatment. 

90. The method of claim 89, further comprising the step of determining whether 
cancer cells in said patient contain only a single allele of said gene, 

wherein if said cancer cells contain only a single allele of said gene, then said 
patient is a potential patient for said treatment. 
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91. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
step of: 

determining whether cancer cells in said patient have undergone LOH of a 
said gene encoding a product required to maintain cellular nucleotides at levels 
compatible with cell growth or survival, 

wherein if said cells have undergone LOH of said gene, then said patient is 
a potential patient for said treatment. 

92. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
steps of: 

identifying a patient heterozygous for a said gene encoding a product required 
to maintain the integrity and function of cellular and subcellular structures ; 

wherein if said patient is heterozygous for said gene, then said patient is a 
potential patient for said treatment. 

93. The method of claim 91, further comprising the step of determining whether 
cancer cells in said patient contain only a single allele of said gene, 

wherein if said cancer cells contain only a single allele of said gene, then said 
patient is a potential patient for said treatment. 

94. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
step of: 

determining whether cancer cells in said patient have undergone LOH of a 
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said gene encoding a product required to maintain the integrity and function of 
cellular and subcellular structures, 

wherein if said cells have undergone LOH of said gene, then said patient is 
a potential patient for said treatment. 

95. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
steps of: 

identifying a patient heterozygous for a said gene located on a high frequency 
LOH chromosomal arm region ; 

wherein if said patient is heterozygous for said gene, then said patient is a 
potential patient for said treatment. 

96. The method of claim 95, further comprising the step of determining whether 
cancer cells in said patient contain only a single allele of said gene, 

wherein if said cancer cells contain only a single allele of said gene, then said 
patient is a potential patient for said treatment. 

97. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
step of: 

determining whether cancer cells in said patient have undergone LOH of a 
said gene located on a high frequency LOH chromosomal arm region, 

wherein if said cells have undergone LOH of said gene, then said patient is 
a potential patient for said treatment. 

98. A method of identifying a potential patient for treatment with an inhibitor 
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active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
steps of: 

identifying a patient heterozygous for a said gene which has at least two 
sequence variances which occur at frequences such that at least 10% of a population 
is heterozygous for said gene; 

wherein if said patient is heterozygous for said gene, then said patient is a 
potential patient for said treatment. 

99. The method of claim 98, further comprising the step of determining whether 
cancer cells in said patient contain only a single allele of said gene, 

wherein if said cancer cells contain only a single allele of said gene, then said 
patient is a potential patient for said treatment. 

100. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a gene vital for cell growth or 
viability, wherein said patient is suffering from a cancer, said method comprising the 
step of: 

determining whether cancer cells in said patient have undergone LOH of a 
said gene which has at least two sequence variances which occur at frequences such 
that at least 10% of a population is heterozygous for said gene, 

wherein if said cells have undergone LOH of said gene, then said patient is 
a potential patient for said treatment. 

101. A nucleic acid probe at least 12 nucleotides in length which is perfectly 
complementary to a portion of a first allelic form of a gene vital for cell growth or 
viability, 

wherein said gene encodes a product required for cell proliferation, 
wherein said portion comprises a sequence variance site, and wherein said probe 
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hybridizes under stringent hybridization conditions to said portion and not to a 
corresponding portion of a second allelic form having at least one different 
nucleotide at said sequence variance site. 

102. A nucleic acid probe at least 12 nucleotides in length which is perfectly 
complementary to a portion of a first allelic form of a gene vital for cell growth or 
viability, 

wherein said gene encodes a product required to maintain inorganic 
ions and vitamins at levels compatible with cell growth or survival, wherein said 
portion comprises a sequence variance site, and wherein said probe hybridizes under 
stringent hybridization conditions to said portion and not to a corresponding portion 
of a second allelic form having at least one different nucleotide at said sequence 
variance site. 

103. A nucleic acid probe at least 12 nucleotides in length which is perfectly 
complementary to a portion of a first allelic form of a gene vital for cell growth or 
viability, 

wherein said gene encodes a product required to maintain organic 
compounds at levels compatible with cell growth or survival, wherein said portion 
comprises a sequence variance site, and wherein said probe hybridizes under 
stringent hybridization conditions to said portion and not to a corresponding portion 
of a second allelic form having at least one different nucleotide at said sequence 
variance site. 

104. A nucleic acid probe at least 12 nucleotides in length which is perfectly 
complementary to a portion of a first allelic form of a gene vital for cell growth or 
viability, 

wherein said gene encodes a product required to maintain cellular 
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proteins at levels compatible with cell growth or survival, wherein said portion 
comprises a sequence variance site, and wherein said probe hybridizes under 
stringent hybridization conditions to said portion and not to a corresponding portion 
of a second allelic form having at least one different nucleotide at said sequence 
variance site. 

105. A nucleic acid probe at least 12 nucleotides in length which is perfectly 
complementary to a portion of a first allelic form of a gene vital for cell growth or 
viability, 

wherein said gene encodes a product required to maintain cellular 
nucleotides at levels compatible with cell growth or survival, wherein said portion 
comprises a sequence variance site, and wherein said probe hybridizes under 
stringent hybridization conditions to said portion and not to a corresponding portion 
of a second allelic form having at least one different nucleotide at said sequence 
variance site. 

106. A nucleic acid probe at least 12 nucleotides in length which is perfectly 
complementary to a portion of a first allelic form of a gene vital for cell growth or 
viability, 

wherein said gene encodes a product required to maintain the integrity 
and function of cellular and subcellular structures, wherein said portion comprises 
a sequence variance site, and wherein said probe hybridizes under stringent 
hybridization conditions to said portion and not to a corresponding portion of a 
second allelic form having at least one different nucleotide at said sequence variance 
site. 

107. A nucleic acid probe at least 12 nucleotides in length which is perfectly 
complementary to a portion of a first allelic form of a gene vital for cell growth or 
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viability, 

wherein said gene is located on a high frequency LOH chromosomal 
arm region, wherein said portion comprises a sequence variance site, and wherein 
said probe hybridizes under stringent hybridization conditions to said portion and not 
5 to a corresponding portion of a second allelic form having at least one different 

nucleotide at said sequence variance site. 

108. A nucleic acid probe at least 12 nucleotides in length which is perfectly 
complementary to a portion of a first allelic form of a gene vital for cell growth or 
viability, 

wherein said gene has at least two sequence variances which occur at 
frequences such that at least 10% of a population is heterozygous for said gene, 
wherein said portion comprises a sequence variance site, and wherein said probe 
hybridizes under stringent hybridization conditions to said portion and not to a 
corresponding portion of a second allelic form having at least one different 
nucleotide at said sequence variance site. 

109. The method .inhibitor, pharmaceutical composition, or nucleic acid probe of 
any of claims 1, 13, 21, 29, 37, 53, 69, 77, and 101, wherein said gene is selected 

20 from the group consisting of 14-3-3 Protein TAU, CCNA(G2/Mitotic-Specific Cyclin 

A ), CCNBl(G2/Mitotic-Specific Cyclin Bl), CCND1(G1/S-Specific Cyclin Dl), 
CCND2(G1/S-Specific Cyclin D2), CCND3(G1/S-Specific Cyclin D3), Cell division 
control protein 16, Cell division cycle 2, Gl to S and G2 to M, Cell division cycle 25 A, 
Cell division cycle 25B, Cell division cycle 25C, Cell division cycle 27, Cell division- 

25 associated protein BIMB, Cyclin Al(G2/Mitotic-Specific Cyclin Al), Cyclin C 

(Gl/S-Specific Cyclin C), Cyclin Gl(G2/Mitotic-Specific Cyclin G), Cyclin G2 
(G2/Mitotic-Specific Cyclin G), Cyclin H, Cyclin H Assembly, GSPT1(G1 to S 
phase transition 1), Mitotic MAD2 Protein, MRNP7, RANBP1(RAN binding protein 
1), WEE1, Cell Division Protein Kinase 4, CDC28 protein kinase 1, CDC28 protein 
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kinase 2, M-Phase inducer phosphatase 2, M-phase phosphoprotein, mpp6, 
PPPlca(Protein phosphatase 1, catalytic subunit, alpha isoform), STM7-LSB, 
CENP-F kinetochore protein, Centromere autoantigen C, Centromere protein B 
(80kD), Centromere protein E (312kD), CHC1 (Chromosome condensation 1), 
Chromatin assembly factor-I pi 50 subunit, Chromatin assembly factor-I p60 subunit, 
Chromosome segregation gene homolog CAS, HMG1 (High-mobility group 
(nonhistone chromosomal) protein 1), Minichromosome Maintenance (MCM7), 
Mitotic centromere-associated kinesin, RMSA1 (Regulator of mitotic spindle 
assembly 1), and SUPT5h(Chromatin structural protein homolog (SUPT5H)). 

1 10. The method .inhibitor, pharmaceutical composition, or nucleic acid probe of 
any of claims 2, 14, 22, 30, 39, 55, 70, 80, and 102, wherein said gene is selected 
from the group consisting of PMCA1 (Calcium Pump), PMCA2 (Calcium Pump), 
PMCA3 (Calcium Pump), PMCA4 (Calcium Pump), ATP2M- (Calcium-Transporting 
ATPase Plasma Membrane), ATP2b2 (Calcium-Transporting ATPase Plasma 
Membrane), ATP2b4 (Calcium-Transporting ATPase Plasma Membrane), ATP5b 
(ATP Synthase Beta Chain, Mitochondrial Precursor), Chloride Conductance 
Regulatory Protein ICLN, H-Erg (Potassium Channel Protein EAG), Nuclear 
Chloride Ion Channel Protein (NCC27), SCNlb(Sodium Channel, Voltage-Gated, 
Type I, Beta Polypeptide), Two P-Domain K+ Channel TWK-1, VDAC2 (Voltage- 
Dependent Amon-Selective Channel Protein 2), ATPlbl (Sodium/Potassium- 
Transporting ATPase Beta-1 Chain), ATPlb2 (Sodium/Potassium-Transporting 
ATPase Beta-2 Chain), ATPase, Ca+ + transporting, plasma membrane 4, ATPase, 
Ca+ + transporting, plasma membrane 2, ATPase, Na+/K+ transporting, alpha 1 
polypeptide, ATPase, Na+/K+ transporting, alpha 3 polypeptide, ATPase, 
Na+/K+ transporting, beta 1 polypeptide, ATPase, Na+/K+ transporting, beta 2 
polypeptide, Na+,K+ ATPase, 1 Subunit, Na+,K+ ATPase, 2 alpha, Na+,K+ 
ATPase, 3 beta, SLC9al(Solute carrier family 9 (sodium/hydrogen exchanger)), 
Solute carrier family 4, anion exchanger, member 1, Solute carrier family 4, anion 
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exchanger, member 2, Solute carrier family 9 (sodium/hydrogen exchanger), Passive 
transporters, MaxiK Potassium Channel Beta Subunit, Chloride Channel 2, Chloride 
Channel Protein (CLCN7), TRPC1 (Transient Receptor Potential Channel 1), 
Potassium Channel Kv2.1, ATP5d(ATP synthase, H+ transporting, mitochondrial 
Fl complex, delta subunit), ATP5fl(ATP synthase, H+ transporting, mitochondrial 
F0 complex, subunit b), ATP5o(ATP synthase, H+ transporting, mitochondrial Fl 
complex, O subunit), ETFa(Electron-transfer-flavoprotein, alpha polypeptide 
(glutaric aciduria IT)), ETFb(Electron-transfer-flavoprotein, beta polypeptide), Nadh- 
ubiquinone oxidoreductase 13 kd-B subunit, Nadh-ubiquinone oxidoreductase 39 kD 
subunit precursor, NADH-Ubiquinone oxidoreductase 75 kD subunit precursor, 
NADH-Ubiquinone oxidoreductase MFWE subunit, NDUFV2(NADH 
dehydrogenase (ubiquinone) flavoprotein 2 (24kD)), Ubiquinol-cytochrome c 
reductase complex 11 kD, ATP Synthase Alpha Chain, NADH dehydrogenase- 
ubiquinone Fe-S protein 8, 23 kDa subunit, Ascorbic Acid (transporter). Folate 
Binding Protein, Folate receptor 1 (adult). Nicotinamide (transporter), Pantothenic 
Acid transporter, Riboflavin (transporter), SCL19A1 (Solute Carrier Family 19, 
Memberl), Solute carrier family 19 (folate transporter), member 1, Thiamine, B6, 
B12 (transporter), ATP7b (Copper-Transporting ATPase 2), Ceruloplasmin 
(ferroxidase), Ceruloplasmin receptor (Copper Transporter), Copper Transport 
Protein HAH1, Molybdenum, Selenium, Tranferrin Receptor (Iron Transporter), 
Zinc Transporter, and mitochondrial import receptor subunit TOM20. 

111. The method .inhibitor, pharmaceutical composition, or nucleic acid probe of 
3, 25, 23, 31, 41, 57, 71, 83, and 103, wherein said gene is selected from the group 
consisting of GLUT1, GLUT2, GLUT3, GLUT4, GLUT5, GLUT6, Solute carrier 
family 5 (sodium/glucose cotransporter), Solute carrier family 2 (facilitated glucose 
transporter), member 2, Solute carrier family 2 (facilitated glucose transporter) 
member 5, Solute carrier family 3 member 1, System b,(Na+ independent), System 
y,(Na+ independent), ATRCl(Catioinc), LEUT(Leucine Transporter), 
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SLClAl(Solute Carrier Family 1, Member 1), Solute carrier family 16 
(monocarboxylic acid transporters), AC01(Aconitase 1), AC02(Aconitase 2, 
mitochondrial), Acyl-Coenzyme A dehydrogenase, C-2 to C-3 short chain, Acyl- 
Coenzyme A dehydrogenase, C-4 to C-12 straight chain, Acyl-Coenzyme A 
dehydrogenase, long chain, Acyl-Coenzyme A dehydrogenase, very long chain, 
aKGD (alpha ketoglutaratedehydrogenase), ALD-a (Aldolase), ALD-b (Aldolase), 
ALD-c (Aldolase), CS (Citrate Synthetase), Dihydrolipoamide S-succinyltransferase, 
DLAT(Dihydrolipoamide S-acetyltransferase (E2 component of pyruvate 
dehydrogenase complex)), DLD(Dihydrolipoamide dehydrogenase (E3 component 
of pyruvate dehydrogenase complex, 2-oxo-glutarate complex, branched chain keto 
acid dehydrogenase complex)), Elk (Oxoglutarate dehydrogenase), E2k 
(Dihydrolipoamide S-succinyltransferase), E3 (Dihydrolipoyl Dehydrogenase), 
EN01(Enolase 1, alpha), EN02(Enolase 2), EN03(Enolase 3), Enolase 2, (gamma, 
neuronal), Enolase 3, (beta, muscle), FH(Fumarate hydratase), G3PDH 
(GlyceraIdehyde-3-Phosphate Dehydrogenase), G6PD (Glucose-6-Phosphate 
Dehydrogenase), Glucose-6-phosphate dehydrogenase, HK1 (Hexokinase 1), HK2 
(Hexokinase 2), HK3 (Hexokinase 3), IDHl(Isocitrate dehydrogenase 1 (NADP+), 
soluble), IDH2(Isocitrate dehydrogenase 2 (NADP+), mitochondrial), 
MDHl(Malate dehydrogenase 1, NAD (soluble)), MDH2(Malate dehydrogenase 1, 
NAD (mitochondrial)), NAD(H)-specific isocitrate dehydrogenase alpha subunit, 
Oxoglutarate dehydrogenase (Hpoamide), PDHB (Pyruvate Dehydrogenase), 
PDHB(Pyruvate dehydrogenase (lipoamide) beta), PDK4 (Pyruvate dehydrogenase 
kinase, isoenzyme 4), PFKL(Phosphofructokinase), PGI (Phosphoglucoisomerase), 
PGKa (Phosphoglyceromutase), PGKb (Phosphoglyceromutase), PGM1 
(Phosphoglyceromutase), PGM2 (Phosphoglyceromutase), PGM3 
(Phosphoglyceromutase), PGM4 (Phosphoglyceromutase), Phosphofructokinase, 
muscle, Phosphoglucomutase 1, Phosphoglycerate kinase 1, PK1 (Pyruvate Kinase), 
PK2 (Pyruvate Kinase), PK3 (Pyruvate Kinase), Pyruvate dehydrogenase kinase 
isoenzyme 2 (PDK2), Pyruvate kinase, liver, Pyruvate kinase, muscle, 
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SDH 1 (Succinate dehydrogenase, iron sulphur (Ip) subunit), SDH2(Succinate 
dehydrogenase 2, flavoprotein (Fp) subunit), TKT(Transketolase (Wernicke- 
Korsakoff syndrome)), TPI (Trisephosphate Isomerase), Asparagine Synthetase, 
Aminoacylase-1, Aminoacylase-2, ACAC (Acetyl CoA Carboxylase Beta), ACAC 
(Acetyl CoA Carboxylase), ACADSB(Acyl-coA dehydrogenase), Mevalonate kinase, 
Phosphomevalonate kinase, Aspartoacylase, Ornithine decarboxylase 1, Short-acyl- 
CoA dehydrogenase, Medium acyl-CoA dehydrogenase, Long acyl-CoA 
dehydrogenase, Isovalveryl CoA dehydrogenase, 2-methyI branched chain, 
Adenosine Deaminase, Purine-nucleoside phosphorylase, Guanine Deaminase, 
Xanthine Oxidase, ITM1 (Integral Transmembrane Protein), GFPT (Glutamine- 
Fructose-6-Phosphate Transaminase), Heparan, Polypeptide N-Acetyltransferase, 
AC AA( Acetyl-Coenzyme A acyltransferase), Lysophosphatidic acid acyltransferase- 
alpha, Lysophosphatidic acid acyltransferase-beta, FNTa (Farnesyltransferase Alpha 
Subunit), FNTb (Farnesyltransferase Beta Subunit), NMT1 (N-myristoyl transferase), 
Calcineurin A, Calcineurin B, Calreticulin Precursor, Phosphatase 2b, 
PPP3ca(Protein phosphatase 3 , catalytic subunit), SNK Interacting 2-28(Calcineurin 
B Subunit), Protein Kinase C, PRKCA(Protein kinase C, alpha), PRKCB1 (Protein 
kinase C, beta 1), PRKCD(Protein kinase C, delta), PRKCM(Protein kinase C, mu), 
PRKCQ(Protein kinase C-theta), PRKCSH(Protein kinase C substrate 80K-H), 
Geranylgeranyl, Geranylgeranyltransferase (Type I Beta), GGTB 
(Geranylgeranyltransferase), Geranylgeranyltransferase (Type II Beta-Subunit), Gdp 
Dissociation Inhibitors, GDI Alpha (RAB GDP Dissociation Inhibitor Alpha), and 
Rab Gdp (RAB GDP Dissociation Inhibitor Alpha). 

1 12. The method, inhibitor, pharmaceutical composition, or nucleic acid probe of 
any of claims 4, 16, 24, 32, 43, 59, 72, 86, and 104, wherein said gene is selected 
from the group consisting of GOT(Glutamic-oxaloacetic transaminase 2), 
GOT 1 (Glutamic-oxaloacetic transaminase 1), PYCS(Pyrroline-5-carboxylate 
synthetase), Tyrosine aminotransferase, AARS, CARS, DARS, EPRS, FARS, 
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GARS, EARS, IARS, KARS, LARS, MARS, NARS, QARS , RARS, SARS, 
TARS, VARS, WRS, YARS, Ribosomal Protein Lll, Ribosomal Protein L12, 
Ribosomal Protein L17, Ribosomal Protein L18, Ribosomal Protein L18a, 
Ribosomal Protein L19, Ribosomal Protein L21, Ribosomal Protein L22, Ribosomal 
Protein L23, Ribosomal Protein L23a, Ribosomal Protein L25, Ribosomal Protein 
L26, Ribosomal Protein L27, Ribosomal Protein L27a, Ribosomal Protein L28, 
Ribosomal Protein L29, Ribosomal Protein L30, Ribosomal Protein L31, Ribosomal 
Protein L32, Ribosomal Protein L35, Ribosomal Protein L35a, Ribosomal Protein 
L36a, Ribosomal Protein L39, Ribosomal Protein L4, Ribosomal Protein L41, 
Ribosomal Protein L44, Ribosomal Protein L6, Ribosomal Protein L7, Ribosomal 
Protein L7a, Ribosomal Protein L8, Ribosomal Protein L9, Ribosomal Protein PI, 
Ribosomal Protein S10, Ribosomal Protein Sll, Ribosomal Protein S13, Ribosomal 
Protein S14, Ribosomal Protein S15, Ribosomal Protein S15A, Ribosomal Protein 
S16, Ribosomal Protein S17, Ribosomal Protein S17A, Ribosomal Protein S17B, 
Ribosomal Protein SI 8, Ribosomal Protein S20, Ribosomal Protein S20A, 
Ribosomal Protein S20B, Ribosomal Protein S21, Ribosomal Protein S23, Ribosomal 
Protein S25, Ribosomal Protein S26, Ribosomal Protein S28, Ribosomal Protein 
S29, Ribosomal Protein S3, Ribosomal Protein S3 A, Ribosomal Protein S4, 
Ribosomal Protein S4X, Ribosomal Protein S4Y, Ribosomal Protein S5, Ribosomal 
Protein S6, Ribosomal Protein S7, Ribosomal Protein S8, Ribosomal Protein S9, 
Initiation of polypeptide polymerization, eIF-2 (Eukaryotic initiation factor), eIF-2- 
associated p67(Eukaryotic initiation factor), eIF-2A(Eukaryotic initiation factor), 
eIF-2Alpha(Eukaryotic initiation factor), eIF-2B(Eukaryotic initiation factor), elF- 
2B-Gamma(Eukaryotic initiation factor), eIF-2Beta(Eukaryotic initiation factor), elF- 
3 pllO(Eukaryotic initiation factor), eIF-3 p36(Eukaryotic initiation factor), elF- 
4A(Eukaryotic initiation factor), eIF-4C(Eukaryotic initiation factor), elF- 
4E(Eukaryotic initiation factor), eEF-4Gamma(Eukaryotic initiation factor), elF- 
5 (Eukaryotic initiation factor), eIF-5A, Eukaryotic peptide chain release factor 
subunit 1, P97(Eukaryotic initiation factor), eEFlA2(Eukaryotic elongation factor), 
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eEFlD(Eukaryotic elongation factor), eEF2(Eukaryotic elongation factor), eIF4A2 
(Eukaryotic initiation factor), KIAA0031 (Elongation factor 2), KIAA0219(Putative 
translational activator C18G6.05C), Factor 1 -Alpha 2(Eukaryotic translation 
elongation factor 1 alpha 2), Cis-Trans Isomerase, DNAj Protein Homolog 1, DNAj 
Protein Homolog 2, DNAJ Protein homolog HSJ1, T-Complex, 
Aspartylglucosaminidase, T-Complex 1, Alpha, T-Complex 1, Epsilon, T-Complex 
1, Gamma, T-Complex 1, Theta, T-Complex 1, Zeta, 26S Protease regulatory 
subunit 4, Alpha-2-Macroglobulin, Calpain 1, Large, CLPP(ATP-Dependent CLP 
protease proteolytic subunit), KIAA0123 (Mitochondrial processing peptidase alpha 
subunit), MMP7, Proteasome Beta 6, Proteasome Beta 7, Proteasome C13, 
Proteasome C2, Proteasome C7-1, Proteasome inhibitor hPI31 subunit, Proteasome 
PI 12, Proteasome P27, Proteasome P55, Enzyme E2-17 Kd(Cyclin-selective 
ubiquitin carrier protein), ISOT-3(Ubiquitin carboxyl-terminal hydrolase T ), ORF 
(Ubiquitin carboxyl-terminal hydrolase 14), PGP(Ubiquitin carboxyl-terminal 
hydrolase isozyme LI), UBA52(Ubiquitin A-52 residue ribosomal protein fusion 
product 1), Ubiquitin carboxyl-terminal hydrolase 3, Ubiquitin carboxyl-terminal 
hydrolase isozyme L3, Ubiquitin carboxyl-terminal hydrolase T, Ubiquitin carrier 
protein (E2-EPF), Ubiquitin fusion-degradation protein (UFD1L), Ubiquitin 
Hydrolase, Ubiquitin-conjugating enzyme E2I, SEC23(Protein transport protein 
SEC23), SEC23A(Protein transport protein SEC23), SEC7(Protein transport protein 
SEC7), SEC61 (Beta Subunit), and LDLR (LDL receptor). 

113. The method, inhibitor, pharmaceutical composition, or nucleic acid probe of 
any of claims 5, 17, 25, 33, 45, 73, 89, and 105, wherein said gene is selected from 
the group consisting of Adenylate Kinase-2, Adenylosuccinate synthetase, 
Adenylosuccinate Lyase, DPRT (ADP-Ribosyltransferase), ADSL (Adenylosuccinate 
lyase/AMP synthetase), ADSS (Adenylosuccinate Synthetase), CAD PROTEIN, 
CTP Synthetase, CTPS(CTP synthetase), Cytidine Triphosphate Synthetase, GARS 
(Phosphoribosylglycinamide synthetase), GART (Phosphoribosylglycinamide 
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formyltransferase), GART(Phosphoribosylglycinamide formyltransferase, 
phosphoribosylglycinamide synthetase, phosphoribosy lammoimidazole synthetase), 
GMP Synthetase, IMP Cyclohydrolase, IMP dehydrogenase, IMPDH1(IMP (inosine 
monophosphate) dehydrogenase 1), IMPDH2(IMP (inosine monophosphate) 


Phosphoribosy lformy lgly cinamide synthetase , Phosphoribosylglycinamide 
carboxylase, Phosphoribosylglycinamide-succinocarboxamide synthetase, PPAT 
(Amidophoribosyltransferase), PPAT(Phosphoribosyl pyrophosphate 
amidotransferase), Ribonucleoside-diphosphate reductase Ml chain, Ribonucleoside- 
diphosphate reductase M2 chain, Thymidine Kinase, Thymidylate Synthase, 
UMK(Uridine kinase), UMPK (Uridine monophosphate kinase), UMPS(Uridine 
monophosphate synthetase (orotate phosphoribosy 1 transferase and orotidine-5'- 
decarboxylase)), Uridine Phosphorylase, DNA Origin Recognition Complex, ORC1, 
ORC2, ORC3, ORC4, ORC5, ORC6, ORC Regulators, CDC6, CDC7, CDC1, 
DNA Polymerization, DNA Polymerases, Adprt (NAD(+) ADP- 
Ribosyltransferase), DNA Polymerase Alpha-Subunit, DNA Polymerase Delta, 
POLa(DNA Polymerase Alpha/Primase Associated Subunit), POLb(DNA 
Polymerase Beta Subunit), POLdl (Polymerase (DNA directed), Delta 1, Catalytic 
Subunit), POLd2(Polymerase (DNA directed), Delta 2), POLE(Polymerase (DNA 
directed)), POLg (DNA Polymerase Gamma Subunit), Terminal Transferase (DNA 
Nucleotidylexotransferase), Activator 1 36 Kd, CDC46 (DNA Replication Licensing 
Factor), CDC47 (DNA Replication Licensing Factor CDC47), DNA Topoisomerase 
III, DRAP1 (DNA Replication Licensing Factor MCM3), KIAA0030 Gene (Cell 
Division Control Protein 19), KIAA0083 Gene (DNA Replication Helicase DNA2 
), MCM3 (DNA Replication Licensing Factor MCM3), PCNA (Proliferating Cell 
Nuclear Antigen), PRIM1 (DNA Primase 49 kD Subunit ), PRIM2 (DNA Primase), 
PRIM2a (DNA Primase 58 kD Subunit), PRIM2b (DNA Primase), RECa 
(Replication Protein A 14 kD Subunit), RFC1 (Replication Factor C (activator 1) 1), 


dehydrogenase 2), Phosphoribosyl 
Phosphoribosy laminoimidazolecarboxamide 


diphosphotransferase , 
formyltransferase, 
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RFC2 (Replication Factor C 2), RFC3 (Replication Factor C (activator 1) 3), RFC4 
(Replication Factor C, 37-kD subunit), RFC5 (Replication Factor C), RPA1 
(Replication protein Al (70kD)), RPA2 (Replication protein A2 (32kD)), RPA3 
(Replication protein A3 (14kD)), TOPI (DNA Topoisomerase I), TOP2a 
(Topoisomerase (DNA) II Alpha (170kD)), TOP2b (Topoisomerase (DNA) II Beta 
(180kD)), CHL1(CHL1-Related Helicase), DNA Helicase n, Mi-2(Chromodomain- 
Helicase- DNA-Binding Protein CHD-1 ), RECQL (ATP-Dependent DNA Helicase 
Ql), Smbp2 (DNA-Binding Protein SMUBP-2), H1(0) (Histone H5A), Histone Hid, 
Histone Hlx, Histone H2a.l, Histone H2a.2, Histone H2b.l, Histone H4, SLBP 
(Histone Hairpin-Binding Protein), TATA-binding Complex, Small Nuclear RNA- 
Activating Complex, Polypeptide 1, 43KD (SNAPC1), Small Nuclear RNA- 
Activating Complex, Polypeptide 2, (SNAPC2), Small Nuclear RNA_Activating 
Complex, Polypeptide 3, 50KD (SNAPC3), TAF2D(TBP-associated factor), 
TAFTI100(TBP-associated factor), TAFni30(TBP-associated factor), TAFH20(TBP- 
associated factor), TAFn250(TBP-associated factor), TAFH28(TBP-associated 
factor), TAFII30(TBP-associated factor), TAFII32(TBP-associated factor), 
TAFII40(TBP-associated factor), TAFII55(TBP-associated factor), TAFn80(TBP- 
associated factor), TBP(TATA Binding Protein), TMF1 (TATA Element Modulatory 
Factor 1), RPB 7.0, RPB 7.6, RPB 17, RPB 14.4, RNA polymerase I subunit 
hRPA39, 13.6 Kd Polypeptide (DNA-Directed RNA Polymerase II 13.6 kD 
Polypeptide), POLR2C(RNA polymerase n, polypeptide C (33kD)), Polypeptide A 
(220kd), RNA Polymerase II 23k, RNA polymerase II holoenzyme component 
(SRB7), RNA polymerase II subunit (hsRPBlO), RNA polymerase II subunit 
(hsRPB8), RNA polymerase II subunit hsRPB4, RNA polymerase II subunit 
hsRPB7, RNA Polymerase II Subunit(DNA- Directed RNA Polymerases I, II, and 
III 7.3 kD polypeptide), TCEBlL(Transcription elongation factor B (SHI), 
polypeptide l-like), RNA polymerase m subunit (RPC39), RNA polymerase III 
subunit (RPC62), Elongation Factor 1-Beta, Elongation Factor S-II, TCEA (HOkD), 
TCEB1, TCEB (18kD), TCEB1L, TCEB3, TCEC (15kDa), TFHS (Transcription 
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Elongation Factor IIS), E2F1 (E2F Transcription Factor), TFAP2A (Transcription 
Factor A2 Alpha), TFCP2 (Transcription Factor CP2), TFC12 (Transcription Factor 
12), PRKDC (Protein Kinase, DNA activated catalytic subunit), SUPT6H, TFUA 
gamma subunit, TFIIA delta, TFIIB related factor hBRF (HBRF), TFIIE Alpha 
Subunit, TFIIE Beta Subunit, TFIIF, Beta Subunit, GTF2F1 (TFIIF), GTF2F2 
(TFIIF), General Transcription Factor IIIA, TFIIH(52 kD subunit of transcription 
factor), TFHH(p89), TFnH(p80), TFIIH(p62), TFIIH(p44), TFIIH(p34), 
Transcription Factor IIf(General transcription factor IIF, polypeptide 1 (74kD 
subunit))Transcription Factor IIf(GeneraI transcription factor IIF, polypeptide 1 
(74kD subunit)), BTF 62 kDSubunit (Basic transcription factor 62 kD subunit), 
CAMP-dependent transcription factor ATF-4, CCAAT box-binding transcription 
factor 1, CRM 1 (Negative regulator CRM1), Cyclic- AMP-dependent transcription 
factor ATF-1, GABPA(GA-binding protein transcription factor, alpha subunit 
(60kD)), ISGF-3(Signal transducer and activator of transcription 1 -alpha/beta), 
NFIX(Nuclear factor I/X (CCAAT-binding transcription factor)), NFYA(Nuclear 
transcription factor Y, alpha), NTF97(Nuclear factor p97), Nuclear factor I-B2 
(NFIB2), Nuclear factor NF45, Nuclear factor NF90, POU2Fl(POU domain, class 
2, transcription factor 1), Sp2 transcription factor, TCF12(Transcription factor 12 
(HTF4, helix-loop-helix transcription factors 4)), TCF3(Transcription factor 3 (E2A 
immunoglobulin enhancer binding factors E12/E47)), TCF6L1 (Transcription factor 
6-like 1), TF P65(Transcription factor p65), TFCOUP2(Transcription factor COUP 
2 (a.k.a. ARP1)), Transcription factor IL-4 Stat, Transcription Factor S-II 
(Transcription factor S-H-related protein), Transcription factor Stat5b, Transcription 
Factor, Transcription factor (CBFB), 9G8 Splicing Factor (Pre-mRNA Splicing 
factor SRP20), CC 1.3 (Splicing factor (CC1.3)), HnRNP F protein, 
HNRPA2B1 (Heterogeneous nuclear ribonucleoproteins A2/B1), 
HNRPG(Heterogeneous nuclear ribonucleoprotein G), HNRPK(Heterogeneous 
nuclear ribonucleoprotein K), Pre-mRNA splicing factor helicase, Pre-mRNA 
splicing factor SF2, P33 subunit, Pre-mRNA splicing factor SRP20, Pre-mRNA 
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splicing factor SRF75, PRP4(Serine/threonine-protein kinase PRP4), PTB-Associated 
Splicing Factor, Ribonucleoprotein A', Ribonucleoprotein Al, Ribonucleoprotein 
C1/C2, RNP Protein, L (Heterogeneous nuclear ribonucleoprotein L), RNP-Specific 
C(U1 small nuclear ribonucleoprotein C ), SAP 145(Spliceosome associated protein 
), SAP 61(Splicesomal protein), SC35(Splicing factor), SF3al20, SFRS2(Splicing 
factor, arginine/serine-rich 2), SFRS5(Splicing factor, arginine/serine-rich 5), 
SFRS7(Splicing factor, arginine/serine-rich 7), Small nuclear ribonucleoprotein SM 
Dl, SnRNP core protein Sm D2, SnRNP core protein Sm D3, SNRP70(U1 snRNP 
70K protein), SNRPB(Small nuclear ribonucleoprotein polypeptides B and Bl), 
SNRPE(Small nuclear ribonucleoprotein polypeptide E), SNRPN(Small nuclear 
ribonucleoprotein polypeptide N), Splicing factor SF3al20, Splicing factor U2AF 
35 kD subunit, Splicing factor U2AF 65 kD subunit, SRP30C(Pre-mRNA splicing 
factor SF2, p33 subunit), SRP55-2(Pre-mRNA splicing factor SRP75), Transcription 
factor BTEB, Transcription initiation factor TFIID 250 kD subunit, Cleavage and 
polyadenylation specificity factor, Cleavage stimulation factor, 3 ' pre-RNA, subunit 
1, 50kD, Cleavage stimulation factor, 3' pre-RNA, subunit 3, 77kD, HNRNP 
Methyltransferase, PABPLl(Poly(A)-binding protein-like 1), Pap mRNA(Poly(A) 
Polymerase), RNA unwinding, RNA Helicase, GU Protein (ATP-Dependent RNA 
helicase dead), KIAA0224 Gene(Putative ATP-dependent RNA helicase), RNA 
Helicase A, RNA Helicase P110, and Stel3(Nuclear RNA Helicase). 

114. The method, inhibitor, pharmaceutical composition, or nucleic acid probe of 
any of claims 6, 18, 26, 34, 47, 63, 92, and 106, wherein said gene is selected from 
the group consisting of AP47(Clathrin Coat Assembly AP47), AP50(Clathrin Coat 
Assembly Protein AP50), Cell Surface Protein (Clathrin Heavy Polypeptide-Like 
Protein ), Cltb(Clathrin Light Chain B), Cite (Clathrin Heavy Chain), Adenylate 
Cyclase, Adenylate Cyclase, Adenylate Cyclase, n, Adenylate Cyclase.IV, Complex 
I, MTND1 (Subunit ND1), MTND2 (Subunit ND2), MTND3 (Subunit ND3), 
MTND4 (Subunit ND4), MTND4L (Subunit ND4L), MTND5 (Subunit ND5), 
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MTND6 (Subunit ND6), Complex n, Complex ID, Cytochrome b subunit, Complex 
IV, COl (Cytochrome c Oxidase Subunit I), C02 (Cytochrome c Oxidase Subunit 
2), C03 (Cytochrome c Oxidase Subunit 3), Complex V, ATP Synthase Subunit 
ATPase 6, Kinesin Heavy Chain, Kinesin Light Chain, Syntaxin la, Syntaxin lb, 
Syntaxin 3, Syntaxin 5a, Syntaxin 7, CANX (Calnexin), ER Lumen Protein 1, ER 
Lumen Protein 2, Ribophorin I, Ribophorin D, Signal recognition particle receptor, 
SRP Protein, TIM17 preprotein translocase, Golgin-245, TGN46 (Trans-Golgi 
Network Integral Membrane Protein TGN38 Precursor), Beta-Cop, Coatomer Beta' 
Subunit, Coatomer Delta Subunit, Gp36b Glycoprotein (Vesicular integral-membrane 
protein VIP36 precursor), Homologue of yeast sec7, Protein transport protein SEC13 
(Chromosome 3p25), SEC14 (S. Cerevisiae), Synaptic vesicle membrane protein 
VAT-1, Synaptobrevin-3, Synaptotagmin I, Transmembrane(COP-coated vesicle 
membrane protein p24 precursor), Vacuolar-Type (Clathrin-coated vesicle/synaptic 
vesicle proton pump 116 kd subunit ), 140 kD Nucleolar phosphoprotein, 
Autoantigen p542, Export protein Rael (RAE1), Heterogeneous nuclear 
ribonucleoprotein Al , Nuclear pore complex protein hnupl53, Nuclear pore complex 
protein NUP214, Nuclear pore glycoprotein p62, Nuclear Transport Factor 2, 
Nucleoporin 98 (NUP98), NUP88, Ribonucleoprotein A, Ribonucleoprotein B", 
Karyopherin, Importin Alpha Subunit, TRN (Transportin), Actin, Beta-Centractin, 
Capping Protein Alpha, CFL1 (Cofilin, Non-Muscle Isoform), Desmin, Dystrophin, 
Gelsolin, hOGGl(Myosin Light Chain Kinase), IC Heavy Chain, Itga2 (Integrin, 
Alpha 2 (CD49B, alpha 2 Subunit of VLA-2 receptor)), Itga3 (Integrin Alpha-3 
Precursor), Keratin 19, Keratin, Type n, Lamin A, LBR(Lamin B Receptor), Light 
Chain Alkali, MacMarcks mRNA, MAPla (Microtubule-Associated Protein 1A), 
MAP2(Microtubule-Associated Protein 2), MEGl(Protein-Tyrosine Phosphatase 
MEG1), Microtubule-Associated Protein TAU, Suppressor Of Tubulin STU2, TUBg 
(Tubulin Gamma Chain), Tubulin Alphas Chain, USHlb (Myosin n Heavy Chain), 
Villin, Villin 2 (Ezrin), Actin Depolymerizing, Capping (Actin Filament), 
MYH9(Myosin, Heavy Polypeptide 9, Non-Muscle), MYL5 (Myosin Regulatory 
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Light Chain 2), Myosin Heavy Chain 95F, Myosin Heavy Chain IB, Myosin IB, 
Sh3pl7(Myosin IC Heavy Chain), Sh3pl8(Myosin IC Heavy Chain), 
KIAA0059(Dematin:Actin-Bundling Protein), TTN (Titin:Myosin Light Chain 
Kinase), ATP6c(Vacuolar H4- ATPase proton channel subunit), ATP6al (ATPase, 
H-f Transporting, Lysosomal (Vacuolar Proton Pump), Alpha Polypeptide, 70kD), 
ATP6M (ATPase, H+ transporting, lysosomal (vacuolar proton pump), beta 
polypeptide, 56/58kD), ATP6d(ATPase, H+ transporting, lysosomal (vacuolar 
proton pump) 42kD), ATP6e(ATPase, H+ transporting, lysosomal (vacuolar proton 
pump) 31kD), ATPase, H+ transporting, lysosomal (vacuolar proton pump) 31kD, 
and Superoxide Dismutase. 

115. A method for identifying an inhibitor potentially useful for treatment of cancer, 
wherein said inhibitor is active on a conditionally essential gene, and wherein said gene 
is subject to loss of heterozygosity in a cancer, said method comprising the steps of: 

(a) determining at least two alleles of a said gene; 

(b) testing a potential allele specific inhibitor to determine whether said 
potential allele specific inhibitor is active on at least one but less than all of said alleles; 

wherein inhibition of expression of at least one but less than all of said alleles 
or reduction of the level of activity of a product of at least one but less than all of said 
alleles in the presence of said potential allele specific inhibitor is indicative that said 
potential allele specific inhibitor is a said inhibitor. 

116. An inhibitor potentially useful for treatment of cancer, wherein said inhibitor 
is active on an allelic form of a conditionally essential gene, said gene has at least 
two alternative alleles in a population, and 

wherein said inhibitor targets at least one but less than all of said alternative 

alleles. 

117. A pharmaceutical composition, comprising 
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at least one allele specific inhibitor targeting at least one but less than all 
allelic forms of a conditionally essential gene in a population; and 
a pharmaceutically acceptable carrier or excipient. 

118. A method for producing an inhibitor potentially useful for cancer treatment, 
wherein said inhibitor is active on at least one but less than all alternative alleles of 
a conditionally essential gene having at least two alternative alleles, comprising the 
steps of: 

(a) identifying a conditionally essential gene that has alternative allelic forms 
in a noncancerous cell, wherein one of said alternative allelic forms is deleted in a 
cancer cell; 

(b) screening to identify an inhibitor which inhibits said at least one but less 
than all of said at least two alternative alleles; and 

(c) synthesizing said inhibitor in an amount sufficient to produce a therapeutic 
effect when administered to a patient suffering from a cancer in whom cancerous 
cells have only an allele of said gene inhibited by said inhibitor and in whom normal 
cells are heterozygous for said gene and contain an allelic form not inhibited by said 
inhibitor. 

119. A method for preventing the development of cancer in a patient having a 
precancerous condition, comprising the steps of: 

a. subjecting cells of said precancerous condition to an altered condition such 
that a first conditionally essential becomes essential; 

b. administering to said patient a therapeutic amount of a first allele specific 
inhibitor targeted to an allele of said first conditionally essential gene present in cells 
of said precancerous condition, wherein the normal somatic cells of said patient are 
heterozygous for said first gene, said inhibitor is active on at least one but less than 
all allelic forms of said gene present in a population and targets only one allelic form 
present in said normal somatic cells; and 
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wherein cells of said precancerous condition have undergone LOH of said 
first gene. 

120. The method of claim 119, wherein the cells of said precancerous condition 
are not clonal from a single cell, further comprising the step of: 

c. serially administering to said patient at least one additional allele specific 
inhibitor, wherein each of said at least one additional allele specific inhibitors targets 
a different allele of a conditionally essential gene or an essential gene than is targeted 
by said first allele specific inhibitor, wherein said different allele may be a different 
allele of said first gene or an allele of a different gene, and wherein said patient is 
heterozygous for each targeted gene and each targeted gene has undergone LOH in 
cells of said precancerous condition. 

121 . A method for treating a patient suffering from a cancer, wherein said patient 
is heterozygous for a conditionally essential gene, comprising the steps of: 

a) subjecting cells of said cancer to altered conditions such that said gene 
is essential; and 

administering a therapeutic amount of an allele specific inhibitor active on at 
least one but less than all allelic forms of said gene present in a population, 

wherein said allele specific inhibitor inhibits only one allelic form of said 
gene present in said patient, and said only one allelic form of said gene is present in 
cancer cells in said patient. 

122. The method of claim 121, further comprising the steps of: 

(a) detennining whether non-cancerous cells of said patient are 
heterozygous for a particular conditionally essential gene; or 

(b) detennining whether cancerous cells of said patient have only one 
allele of said particular gene; or 

(c) both (a) and (b). 
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123. A method of inhibiting growth of a cell comprising the steps of: 

a) subjecting said cell to conditions such that said gene is essential; and 

b) administering at least one inhibitor active on an allele of said 
conditionally essential gene, 

5 wherein said inhibitor is less active on at least one other allele of said gene. 

124. A method of identifying a potential patient for treatment with an inhibitor 
active on at least one but less than all alleles of a conditionally essential gene, 
wherein said patient is suffering from a cancer, said method comprising the step of: 

10 identifying a patient heterozygous for a said gene, 

wherein if said patient is heterozygous for said gene, then said patient is a 
potential patient for said treatment. 

125 . The method of claim 124, further comprising the step of detennining whether 
15 cancer cells in said patient contain only a single allele of said gene, 

wherein if said cancer cells contain only a single allele of said gene, then said 
patient is a potential patient for said treatment. 

126. A method of identifying a potential patient for treatment with an inhibitor 
20 active on at least one but less than all alleles of a conditionally essential gene, 

wherein said patient is suffering from a cancer, said method comprising the step of: 
detennining whether cancer cells in said patient have undergone LOH of a 
said gene, 

wherein if said cells have undergone LOH of said gene, then said patient is 
25 a potential patient for said treatment. 

126. A nucleic acid probe at least 12 nucleotides in length which is perfectly 
complementary to a portion of a first allelic form of a conditionally essential gene, 
wherein said portion comprises a sequence variance site, and wherein 
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said probe hybridizes under stringent hybridization conditions to said portion and not 
to a corresponding portion of a second allelic form having at least one different 
nucleotide at said sequence variance site. 

127. A method for selecting a patient for treatment with an antiproliferative 
treatment, comprising the steps of: 

a) determining whether normal somatic cells in a potential patient are 
heterozygous for an essential or conditionally essential gene, wherein a first allelic 
form of said gene is more active than a second allelic form, and wherein a reduction 
in the activity of said gene in a cell increases the sensitivity of said cell to a said 
antiproliferative treatment; and 

b) determining whether cancer cells of said patient have only said second 
allelic form of said gene, 

wherein if said somatic cells are heterozygous and said cancer cells have only 
said second allelic form, it is indicative that said patient is suitable for treatment with 
said antiproliferative treatment. 

128. A method for selecting an antiproliferative treatment for a patient suffering 
from a cancer, comprising the steps of: 

a) determining whether normal somatic cells in a potential patient are 
heterozygous for an essential or conditionally essential gene which reduces the 
sensitivity of cells to an antiproliferative treatment, wherein a first allelic form of said 
gene is more active than a second allelic form, and wherein a reduction in the activity 
of said gene in a cell increases the sensitivity of said cell to a said antiproliferative 
treatment; and 

b) determining whether cancer cells of said patient have only said second 
allelic form of said gene, 

wherein if said somatic cells are heterozygous for said gene and said cancer 
cells have only said second allelic form, it is indicative that said antiproliferative 
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treatment is suitable for said patient. 

129. The method of any of claims 1 15-129, wherein said gene is selected from the 
group consisting of: 

galactose- 1 -phosphate uridyltransferase, galactose kinase, UDP galactose-4- 
epimerase, methionine synthase, asparagine synthase, glutamine synthetase, multidrug 
resistance gne/Pglycoprotein, multidrug resistance associated proteins 1-5, bleomycin 
hydrolase, dihydropyrimidine dehydrogenase, P-ureidopropoinase, p-alanine 
synthetase, cytidine deaminase, thiopurine methyltransferase, CYP1A1, CYP1A2, 
CYP2A6, CYP2A7, CYP2B6, CYP2B7, CYP2C8, CYP2C9, CYP2C17, CYP2C18, 
CYP2C19, CYP2D6, CYP2E1, CYP2F1, CYP3A3, CYP3A4, CYP3A5, CYP3A7, 
CYP4B1, CYP7, CYP1 1, CYP17, CYP19, CYP21, CYP27, glutathione transferase 
alpha, glutathione transferase theta, glutathione transferee mu, glutathione transferase 
pi, methylguanine methyltransferase, 3-alkylguanine alkyltransferase, 3-methyladenine 
DNA glucosylase, DNA dependent protein kinase, catalytic subunit of DNA-PK, DNA 
binding subunit of DNA-PK Ku-70 or Ku-80 subunit, KARP-1, Poly(ADP-ribose) 
polymerase, Fanconi Anemia genes A, B, C, D, E, F, G, and H, ERCC-1, 
ERCC2/XPD, ERCC3/XPB, ERCC4, ERCC5, ERCC6, XPA, XPC, XPE, HHR23A, 
HHR23B, uracil glycosylase, 3-methyl adenine DNA glycosylase, NF-kappa B, 
XRCC4, XRCC5/Ku80, XRCC6, XRCC7, glutathione-X-transferase, I-kappa B alpha, 
HSP70, HSP27, and 9-oxoguanine DNA glycosylase. 

131. A method for identifying a potential patient undergoing transplantation for 
treatment with an inhibitor active on at least one but less than all alleles of an 
essential gene, comprising the step of: 

identifying a patient undergoing an allogenic bone marrow transplantation in 
which the donor tissue contains at least one alternative allele of an essential gene 
different from the alleles in somatic cells of said patient. 
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132. The method of claim 131, wherein said donor or said recipient is 
homozygous for an alternative allelic form of an essential gene that is not present in 
the other of said donor or said recipient. 

133. A method for treating graft versus host disease in a patient receiving allogenic 
bone marrow transplantation, said method comprising the step of 

administering to said patient at least one allele specific inhibitor specific for 
at least one but less than all of the allelic forms of an essential gene in a population, 
wherein said inhibitor inhibits stimulation of the donor immune system, and cells of 
the said patient comprise an allelic form of said gene not present in the donor bone 
marrow. 

134. The method of claim 133, wherein said allele specific inhibitor is selected by 
identifying at least one alternative alleles of an essential gene present in the donor 
tissues but absent in the normal somatic cells of said patient; and 

selecting a said inhibitor active on a said alternative allele of an essential gene 
present in said donor tissues but absent in the normal somatic cells of said patient. 

135. The method of claim 134, wherein said at least one inhibitor recognizes both 
alleles of said essential gene that are present in said donor, but not both alleles of 
said gene that are present in said patient. 

136. A method for enhancing engraftment of an allogenic bone marrow transplant, 
comprising the step of acuninistering to a patient receiving said transplant an allele 
specific inhibitor which kills or suppresses the patient's bone marrow but not the 
donor bone marrow, thereby providing space for engraftment of the donor cells 
within the marrow cavity. 

137. The method of claim 136, wherein the allele specific inhibitor is selected by 
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identifying alternative alleles of an essential gene that are present in the recipient but 
not the donor marrow. 

138. The method of claim 137, wherein said allele specific inhibitor recognizes 
both allelic forms of the essential gene that are present in the recipient, but not both 
allelic forms of the same gene that are present in the recipient. 

139. A method for treating or preventing chimerism in allogenic bone marrow 
transplantation, comprising 

selectively killing or suppressing proliferation of the patient's own cells 
without toxicity to the donor cells by 

administering to a patient receiving said transplantation at least one allele 
specific inhibitor active on at least one but less than all alternative alleles of a gene 
vital for cell growth or viability, wherein said inhibitor targets the allelic form or 
forms of a gene in bone marrow of said patient but does not target at least one allelic 
form of said gene in the donor bone marrow. 

140. A method for treating cancer in a patient receiving allogenic or autologous 
transplantation, comprising the step of 

administering to said patient at least one allele specific inhibitor which kills 
or inhibits the growth of cancer cells without toxicity to the transplanted marrow. 

141. The method of claim 141, wherein said transplantation is autologous 
transplantation and said at least one allele specific inhibitor is selected to be active 
on the allele of an essential gene remaining in the cancer cells due to LOH in patients 
whose normal somatic cells are heterozygous for said essential gene, but not on the 
alternative allele of said gene present in said normal somatic cells, 

whereby said administration enables continuing therapy of cancer without 
suppression of the transplanted marrow. 


WO 98/41648 


PCT/US98/05419 


388 232/116 

142. The method of claim 140, wherein said transplantation is allogenic 
transplantation and said allele specific inhibitor recognizes both alleles of said 
essential gene that are present in the recipient, but not both forms of the said gene 
that are present in said patient. 

143. A method for eliminating malignant cells from transplanted marrow during 
autologous transplantation of a patient heterozygous for an essential gene, 
comprising 

contacting cells from harvested autologous bone marrow ex vivo with at least 
one allele specific inhibitor active on at least one but less than all alternative alleles 
of said essential gene, wherein said inhibitor targets an allelic form of said gene 
present in cancer cells of said patient but does not target an alternative allele of said 
gene present in normal cells from said autologous bone marrow, 

wherein said gene has undergone LOH in cancer cells of said patient. 

144. The method of claim 143, wherein said autologous bone marrow is harvested 
from said patient prior to high dose radiation or chemotherapy. 

145. The method of claim 143, further comprising the steps of: 

a. identifying one alternative allele of an essential gene remaining in the 
cancer cell due to LOH in patients who are heterologous with two different 
alternative forms of the essential gene in normal cells of the autologous bone 
marrow; 

b. cultivating said autologous bone marrow ex vivo in the presence of an 
allele specific inhibitor that inhibits the allele that is present in the cancer cells, but 
not the heterologous allele that is present in the normal bone marrow. . 

146. The method of claim 143, wherein said autologous bone marrow is contacted 
with a plurality of said allele specific inhibitors. 
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147. A method for separating a first cell from a mixture of cells, comprising the 
steps of: 

a) providing an allele specific binding compound which binds to at least 
one but less than all alleles of a gene, wherein a said allele of said gene expressed 
in said first cell is not expressed in other cells of said mixure of cells or is expressed 
in other cells in said mixture of cells and not in said first cell; 

b) contacting said mixture of cells with said binding compound under 
conditions such that said binding compound binds to said allele and not to non-target 
alleles; and 

c) separating bound cells from unbound cells. 

148. The method of claim 147, wherein said mixture of cells comprises normal 
somatic cells and cancer cells from a patient, said first cells are said normal somatic 
cells, and said first cells express a said allele deleted in said cancer cells due to LOH 
of said gene, comprising 

separating said normal somatic cells from said cancer cells. 

149. The method of claim 147, wherein said allele specific binding compound is 
an antibody or antibody fragment. 

150. The method of claim 147, wherein said binding compound is attached to a 
solid support. 
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Digest #1 


SSCP Overview 


PCR amplify gene from 36 cell lines: 

1. Purify RNA from 36 cell lines. 

2. Use reverse transcriptase to make 

cDNA from all cell lines. 

3. Do PCR with radioactive nucleotides or 

kinased primers to amplify and label 
overlapping .2 - 1.5 kb fragments 
spanning target gene cDNA. 


Set up three different restriction digests to 
cut the radiolabeled PCR products from all 
36 cONAs into 100-400 base pair fragments. 


Digest #2 


Oigest #3 


Run the three sets of 36 
digests on non-denaturing 
35 cm acrylamide gels, 108 
wells per gel, two gel types 


1 

Gel #2: 
8% Acrylamide. 
10 % Glycerol, 
1X TTE buffer 


Gel #1: 
5.5% Acrylamide, 
0.5X TBE buffer 


j _^ 

Dry gels, expose to X-ray film and 
inspect autoradiography to identify 
variant ON A bands. 

Select variant cDNA samples and 
use DNA sequencing to determine 
sequence of variant alleles. 

i_ 

Use agarose gels, SSCP or ONA 
sequencing to determine genotype 
of additional individuals in order to 
better determine allele frequencies 
in different population groups. 
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1) Cyciins 


Validation: Deletion of CDC23( Anaphase Promoting), a S. cerevisiae gene in the same biochemical 
family, is lethal. 


ID 

Kama 

Variances 
Identified 

Chromosome Genbank 
Sequence 


9 

CDC-25A 


1 

3p21 

US4831 

10 

CDC-25C 


1 

5q31 

M34065 

524 

Heel 


3 

lplS.3-pl5.1 

XS2048 

1043 

CDC16HS 


2 

13 

U18291 

1278 

Cyclin Dl 


4 

llql3 

M73554 

1280 

Cyclin D3 


2 

6p21 

M90814 

1298 

Cyclin H Assembly Factor 


1 

4 

X87843 

1445 

Cyclin-Dependent Protein Kinase 


2 

12 

U79269 

1450 

RAN binding protein 1 


1 

22 

D3807E 

1523 

14-3-3 PROTEIN TAU 


1 

10 

X5646B 


1) Cyclin dependent kinases/phosphatases 

Validation: Deletion of CDC28 (Cyclin Dependent Protein Kinase), a S. cerevisiae gene in the same 
biochemical family, is lethal. 


ID 

Name 

Variances 
Identified 

Chromosome 

Genbank 
Sequence 


1051 

CDC28 protein kinase 1 


2 

17 

X54941 

1052 

CDC28 protein kinase 2 


1 

9 

X54942 

1111 

Protein phosphatase 1, catalytic 


4 

11 

MS3960 


subunit, alpha isoform 





1388 

M- PHASE INDUCER PHOSPHATASE 2 


1 

20 

M81934 

1401 

M-phase phosphoprotein, mpp6 


5 

7 

X98263 


1) Cell Division Structural Proteins 

Validation: Deletion of CBF2 (Kinetochore Protein), a S. cerevisiae gene in the same biochemical family, 
is lethal. 


ID 


Name 


Variances 
Identified 


Chromosome 


Qanbank 
Sequence 


20 MCM7 (Minichromosome Maintainence 
124S Chromatin assembly factor-I pSO subunit 
1273 Chromosome segregation gene homolog CAS 
1347 High-mobility group (nonhistone 

chromosomal) protein 1 
1487 Chromatin structural protein homolog 
(SUPT5H) 

1607 Centromere protein B (80kD) 


7q21.3-q22.1 
21 
20 
13ql2 


20pl3 


U20980 
U20980 
U33286 
D63874 

Y12790 

X05299 


2) Uniport rs 


WO 98/41648 


160 / 214 


PCT7US98/05419 


Validation: Deletion of SAT2(Osmotolerance), a S. cerevisiae gene in the same biochemical family, is 
lethal. 


ID Name 


Variances Chromosome Ganbanx 
Identified Sequence 


1253 ATPase, Ca++ transporting, plasma 

membrane 2 
1255 ATP synthase, H+ transporting, 

mitochondrial Fl complex, beta 

polypeptide 
1286 Putative Chloride Channel 
133 7 Copper Transport Protein HAH1 
1407 Nuclear chloride ion channel protein 

(NCC27) 

1463 Sodium channel, voltage-gated, type I, 

beta polypeptide 
1505 Transient receptor potential channel 1 
1521 Voltage-dependent anion channel 2 


3p26-p25 
12pl3 -qter 


13ql4.3-q21.1 
5 
20 


19ql3.1 
3 


X63S75 
X03559 


X83378 
U70660 
U93205 

L16242 

X89066 
L06328 


2) Anti porters 

Validation: Proven essential in mammalian cells by tritium suicide selection experiments. 

ID Name 


Variances Chromosome Ganbank 
Identified Sequence 


1471 Solute carrier family 9 

(sodium/hydrogen exchanger) 

1250 ATPase, Na+/K+ transporting, beta 1 
polypeptide 

1251 ATPase, Na+/K+ transporting, beta 2 
polypeptide 

1605 Solute carrier family 4, anion 

exchanger, member 2 (erythrocyte 
membrane protein band 3 -like 1) 


Ip36.1-p35 
Iq22-q25 
17p 
7q35-q36 


M81768 
X03747 
M81181 
U62531 


3) Acyltransferase 

Validation: Essential for metabolic processes such as biosynthetic reactions and energy metabolism. The 
S. cerevisiae histone acetyltransferase PAT1 and the N-alpha acetyltransferase which 
acetylates the N-termini of proteins are essential for growth. 


ID 


Name 


Variances 
Identified 


Chromosome Genbank 
Sequence 


1227 


1387 


Acetyl-Coenzyme A acyltransferase 
(peroxisomal 3 - oxoacyl - Coenzyme A 
thiolase) 

Lysophosphatidic acid 
acyltransferase -alpha 


3p23-p22 


X12966 


U56417 


3) Amino Acid Biogenesis 
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Validation: Deletion of PR01(Glutamate 5-Kinase), a S. cerevisiae gene in the same biochemical family, 
is lethal. 


Variances Chromosome GenbanX 
Identified Sequence 


1330 Glutamic-oxaloacetic transaminase 1, 
soluble (aspartate aminotransferase 1) 

1331 Glutamic-oxaloacetic transaminase 2, 
mitochondrial (aspartate 
aminotransferase 2) 

1447 Pyrroline-5-carboxylate synthetase 
(glutamate gamma- seraialdehyde 
synthetase) 


10q24.1-q25.1 
16q21 

10q24 .3 


M37400 


M22632 


X944S3 


3) Amino Acid Transport 

Validation: There are ten essential amino acids in man, which must be transported across the plasma 
membrane for use in protein synthesis. 


ID 


Name 


Variances 
Identified 


Chromosome 


Genbank 
Sequence 


1581 Solute carrier family 3 (cystine, 
dibasic and neutral amino acid 
transporters, activator of cystine, 
dibasic and neutral amino acid 
transport > , member 1 


2pl6.3 


L11696 


3) Addition, removal, or modification of phosphate groups 

Validation: Deletion of CMDl(Calmodulin), a S. cerevisiae gene in the same biochemical family, is 
lethal. 


10 


Name 


Variances 
Identified 


Chromosome 


GenbarJc 
Sequence 


1269 Calcineurin A catalytic subunit 

1270 Calcineurin B 

1351 CALRETICULIN PRECURSOR 

1432 SERINE/THREONINE PROTEIN PHOSPHATASE 

2B CATALYTIC SUBUNIT, BETA ISOF0RM 
1476 Snk interacting protein 2-28 


8 

10q21-q22 
10q21-q22 
10 


S46622 
M30773 
M84739 
M295S1 

U83236 


3) GDP Dissociation Inhibitors 

Validation: Deletion of GDI1(GDP dissociation Factor), a S. cerevisiae gene in the same biochemical 
family, is lethal. 

ID Kama Variances Chromosome GenbarJc 

Identified Sequence 


1448 RAB GDP DISSOCIATION INHIBITOR ALPHA 


2 


14q23-q24 


D13988 
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3) Lactate Transport 

Validation: Genes required to maintain organic compounds at levels required for cell growth or survival. 

ID Nana Variances Chromosome Genbank 

Identified Sequence 


1583 Solute carrier family 16 2 Ipl3.2-pl2 L31801 

(monocarboxylic acid transporters), 
member 1 


3) Polyamine Biosynthesis 

Validation: Inhibition of polyamine biosynthesis has antiproliferative effects as demonstrated by inhibitors 
of polyamine metabolism. 

ID Name Variances Chromosome Genbank 

Identified Sequence 

1S87 Ornithine decarboxylase 1 2 2p25 M1S6S0 


3) Protein Glycosylation 

Validation: Deletion of DPMl(DoIichol-phosphate mannosyltransferase), a S. cerevisiae gene in the same 
biochemical family, is lethal. 

ID Hame Variances Chromosome GenbanX 

Identified Sequence 


1328 Glutatnine-£ructose-6-phosphate 1 2pl3 M90S16 

transaminase 

1339 Heparan Heparan Heparan Heparan 2 10 U3SS01 

N-deacetylase/N-sulf otransf erase -2 
1434 UDP-GalNAc: polypeptide 3 18 U41514 

N- ace tylgalactosaminyl transferase 


3) Protein Kinase C 

Validation: Deletion of PKC1 (Protein Kinase C), a S. cerevisiae gene in the same biochemical family, is 
lethal. 


ID 


Name 


Variances 
Identified 


Chromosome GenbanX 
Sequence 


1440 Protein kinase C, beta 1 

1443 Protein kinase C-theta 

1444 Protein kinase C substrate 80K-H 


lfipll.2 
10pl5 
7 


X06318 
L01087 
J0307S 
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3) Protein Post-modification 

Validation: Deletion of BET2(Geranylgeranyltransferase), a S. cerevisiae gene in the same biochemical 
family, is lethal. 

XD Name Variances Chromosome Genbank 

Identified Sequence 

1081 geranylgeranyl transferase type II 2 1 X98001 

beta-subunit 


3) Sugar Biosynthesis and Processing 

Validation: Deletion of PGIl(Glucose-6-phosphate Isomerase), a S. cerevisiae gene in the same 
biochemical family, is lethal. 


ID Name Variances Chromosome Genbank 



Identified 



Sequence 


14 

PIP 5 Kinase beta 

2 


9ql3 

X92493 

1229 

Aconitase 2, mitochondrial 

1 

22qll . 

21-ql3 .3 

U80040 

1249 

ATP SYNTHASE ALPHA CHAIN, 

2 


18 

D14710 


MITOCHONDRIAL PRECURSOR 





1257 

ATP synthase, H* transporting, 

3 


18 

X60221 


mitochondrial F0 complex, subunit b, 






isoform 1 





1258 

ATP synthase, H+ transporting. 

5 

21q22 

:.l-q22.2 

X83218 


mitochondrial Fl complex, 0 subunit 






(oligomycin sensitivity conferring 






protein) 





1302 

Dihydrolipoamide S-acetyltransf erase 

5 


11 

AF001437 


(E2 component of pyruvate 






dehydrogenase complex) 





1303 

Dihydrolipoamide dehydrogenase (E3 

5 


7q31-q32 

J03490 


component of pyruvate dehydrogenase 






complex, 2-oxo-glutarate complex, 






branched chain keto acid dehydrogenase 






complex) 





1346 

Hexokinase 1 

3 


10q22 

M75126 

1366 

Isocitrate dehydrogenase 2 (NADP+) , 

2 


,15q26. 1 

X69433 


mitochondrial 





1395 

NADH dehydrogenase 

1 


2pl6 

X81900 

1421 

NADH: ubiquinone oxidoreductase subunit 

4 

18pll. 

.31-pll.2 

U53468 


B13 





1422 

NADH dehydrogenase-ubiquinone Fe-S 

1 

lBpll . 

.31-pll.2 

U65579 


protein 8, 23 kDa subunit precursor 






(NDUFS8) 





1424 

NADH-UBIQUINONE OXIDOREDUCTASE 75 KD 

3 


2 

XS1100 


SUBUNIT PRECURSOR 





1427 

Pyruvate dehydrogenase (lipoamide) beta 

9 


3pl3-q23 

M34479 

1430 

Phosphof ructokinase 

1 


21q22.3 

M10036 

1451 

UBIQUINOL-CYTOCHROME C REDUCTASE 

3 


1, 3 

M36647 


COMPLEX 11 KD PROTEIN PRECURSOR 





1464 

Succinate dehydrogenase, iron sulphur 

3 

Ip22 .1-qter 

D10245 


dp) subunit 





1465 

Succinate dehydrogenase 2, 

10 


5pl5 

D30648 


flavoprotein (Fp) subunit 





1576 

Pyruvate kinase, liver 

2 


lq21 

D10326 

1577 

Oxoglutarate dehydrogenase (lipoamide) 

£ 


7pl4-pl3 

D10523 

1579 

Acyl -Coenzyme A dehydrogenase, very 

3 

17pll 

.2-pll.l3 

D43682 
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long chain 

1584 Dihydrolipoamide S-succinyltransf erase 5 14q24.3 L37418 

1588 Acyl -Coenzyme A dehydrogenase, C-4 to 1 lp31 M16827 
C-12 straight chain 

1590 Pyruvate kinase, muscle 4 15q22 M2372S 

1596 Phosphoglucomutase 1 5 lp31 M83088 

1603 Phosphof ructokinase, muscle 4 12ql3.3 U24183 

1611 Enolase 3, (beta, muscle) 1 17pter-pl2 X16504 


3) Sugar Transport 

Validation: Genes required to maintain organic compounds at levels required for cell growth or survival. 

ID Name Variances Chromosome Genbank 

Identified Sequence 


1594 Solute carrier family 2 (facilitated 3 lp31 M55531 

glucose transporter) , member 5 

1598 Solute carrier family 5 1 16 M9554 9 

(sodium/glucose cotransporter ) , member 2 


4) Protein Degradation 

Validation: Deletion of CDC48(Ubiquitin proteolysis), a S. cerevisiae gene in the same biochemical 
family, is lethal. 


ID 

Name Variances 

Identified 

Chromosome 

Genbank 
Sequence 


1027 

26S PROTEASE REGULATORY SUBUNIT 4 

3 

14 

L0242S 

1037 

CALPAIN 1, LARGE 

1 

11 

X04366 

1098 

Human mRNA for KIAA0123 gene, partial 
cds 

6 

9,19 

D50913 

1114 

Proteasome (prosome, macropain) 
subunit, beta type, 6 

7 

9,19 

D29012 

1115 

Human mRNA for proteasome subunit z, 
complete cds 

4 

9 

D38048 

1116 

PROTEASOME COMPONENT C13 PRECURSOR 

2 

9 

U17496 

1117 

Human mRNA for proteasome subunit 
HsC7-I, complete cds 

6 

1 

D26599 

1118 

Human mRNA for proteasome subunit 
pll2, complete cds 

2 

2 

D44466 

1119 

Human mRNA for proteasome subunit p27, 
complete cds 

1 

2 

AB003177 

1289 

ATP - DEPENDENT CLP PROTEASE PROTEOLYTIC 

2 

19 

Z508S3 


SUBUNIT 


4) Protein Folding 

Validation: Deletion of HSPlO(Chaperonin), a S. cerevisiae gene in the same biochemical family, is 
lethal. 


ID Name 


Variances Chromosome Genbank 
Identified Sequence 
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1287 PEPTIDYL- PROLYL CIS-TRANS ISOHERASE, 

MITOCHONDRIAL PRECURSOR 
1305 DNAJ PROTEIN HOMOLOG 2 
1358 DNAJ PROTEIN HOMOLOG HSJ1 


10 


9,2 
9.2 


MB0254 


D1338B 
XS3368 


4) Ribosomal Subunit 

Validation: Deletion of GRC5(Ribosome), a S. cerevisiae gene in the same biochemical family, is lethal. 


ID 

Name VarianeAa 

Chromos ome 

GenJbanX 
Sequence 


1127 

H . SSDlfillS InRNA f mr T" 1 VmQrtT"m 1 Y\^r\r a < n Til 

3 

9 , 2 

X79234 

1128 

Ribasornal oirr>l"piTi T 1 "7 

2 

17 , 4 

XS2839 

1130 

60S RIBOSOMAL P^OTFTM T.T AA 

5 

3 

X80822 

1131 

Ribosomal nmfAin t i q 

1 

17qll 

X63527 

1133 

SOS RIBOSOMAX. PPflTVTM 

2 

17, 18 

U43701 

1135 

Human ribosomal protein L27a mRNA, 

3 

6,11 

U14968 


complete cds 



1136 

Human ribosomal protein L28 mRNA, 
complete cds 

11 

19 

U14969 

1137 

Ribosomal protein L32 

4 

20 

X03342 

1138 

Human ribosomal protein L35 mRNA, 
complete cds 

3 

20 

U12465 

1139 

Ribosomal protein L35a 

1 

3q29-qter 

XS2966 

1140 

Human mRNA for ribosomal protein L3 9, 

2 

3q29-qter 

U57846 


complete cds 



1141 

Ribosomal protein L4 

4 

3,6 

L20863 

1142 

Ribosomal protein L6 

1 

12 

X69391 

1143 

Ribosomal protein L7 

1 

12 

L16553 

5 

Ribosomal protein L7A 

1 

19q33-q34 

M36072 

1144 

Ribosomal protein LB 

5 

12 

Z2B407 

1145 

Ribosomal protein L9 

2 

12 

U09953 

1146 

Ribosomal protein, large, PI 

5 

15,22 

M17886 

1147 

Human ribosomal protein S10 mRNA, 
complete cds 

i 

20 

U14972 

1148 

Ribosomal protein Sll 

1 

19q 

X06617 

1149 

40S RIBOSOMAL PROTEIN S15 

2 

19q 

J02984 

1150 

40S RIBOSOMAL PROTEIN S15A 

2 

19q 

X84407 

1151 

Ribosomal protein S16 

5 

19 . 

M60854 

1152 

Ribosomal protein S17 

5 

Ilpter-pl3 

M13932 

1154 

40S RIBOSOMAL PROTEIN S23 

2 

5 

D14530 

1155 

Ribosomal protein S25 

2 

llq23.3 

M64716 

1157 

Ribosomal protein S28 

2 

19 

U586B2 

1158 

40S RIBOSOMAL PROTEIN S29 

1 

19 

L31610 

1159 

Ribosomal protein S5 

2 

19 

U14970 

1160 

4 OS RIBOSOMAL PROTEIN S7 

3 

19 

M77233 

1161 

Ribosomal protein S9 

3 

19 

U14971 

1223 

Ribosomal protein L7a 

6 

9q34 

X5213B 


4) T-Complex 

Validation: Deletion of CCT2(T-Complex), a S. cerevisiae gene in the same biochemical family, is lethal. 

ID Name Variances Chromosome QenbanJc 

Identified Sequence 

1489 T-COMPLEX PROTEIN 1, ALPHA SUBUNIT 1 6 S70154 
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1490 T-COMPLEX PROTEIN 1, EPSILON SU3UNIT 

1491 T-COMPLEX PROTEIN 1, GAMMA SUBUNIT 


D43950 
X74B01 


4) Translation Elongation 

Validation: Deletion of CDC33(eIF4e), a S. cerevisiae gene in the same biochemical family, is lethal. 


ID Nana 


Variances Chromosome Genbank 
Identified Sequence 


1063 Eukaryotic translation elongation 

factor 1 delta 
1073 Eukaryotic translation initiation 

factor 4A (eIF-4A) isoform 2 
1095 Human mRNA for KIAA0031 gene, complete 

cds 

1099 Human mRNA for KIAA0219 gene, partial 
cds 


7 

18pll.2 
17,2 
12 


Z21S07 
D306S5 
D21163 
DB6973 


4) Translation Factor 

Validation: Deletion of CDC33(eIF4e), a S. cerevisiae gene in the same biochemical family, is lethal. 


ID Name 


Variances 
Identified 


Chromosome Qenbank 
Sequence 


104 9 PEPTIDE CHAIN RELEASE FACTOR SUBUNIT 1 


X81S25 


4) Translation Initiation Factors 

Validation: Deletion of CDC33(eIF4e), a S. cerevisiae gene in the same biochemical family, is lethal. 


ID 

Name Variances 

Identified 

Chromosome 

OenbanX 
Sequence 


1068 

Human translation initiation factor 
eIF-3 pllO subunit gene 

1 

16 

U46025 

1069 

EUKARYOTIC INITIATION FACTOR 4A-LIKE 
NUK-34 

1 

17 

D21B53 

1070 

Eukaryotic translation initiation 
factor 4C (eIF-4C) 

3 

1,X 

L18960 

1072 

Eukaryotic translation initiation 
factor 2A 

2 

14 

J02645 

1074 

Eukaryotic translation initiation 
factor 4E 

3 

14 

M15353 

1312 

Translation initiation factor 3 
(eIF-3) p36 subunit 

1 

12 

U39067 


4) tRNA Synthetases 
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Validation: Deletion of ALAl(Alanyl-tRNA synthetase), a S. cerevisiae gene in the same biochemical 
family, is lethal. 


ID 

Name 

Variances 
Identified 

Chromosome 

Genbank 
Sequence 


1031 

Alanyl-tRNA synthetase 


2 

16q22 

D320S0 

1040 

Cysteinyl-tRNA synthetase 


1 

llplS.S 

L06845 

1079 

Glycyl-tRNA synthetase 


2 

7pl5 

U09510 

1090 

Isoleucine-tRNA synthetase 


2 

9q21 

D28473 

1102 

ASPARAGINE SYNTHETASE 


3 


M27396 

1121 

Arginyl-tRNA synthetase 


3 

5pter-qll 

S80343 

1198 

Threonyl-tRNA synthetase 


1 

5pl3-cen 

M63180 

1218 

VALYL-TRNA SYNTHETASE 


4 

9 

X59303 

1221 

TRYPTOPHANYL- TRNA SYNTHETASE 


1 

14 

M61715 


4) Ubiquitin and Ubiquitin Associated 

Validation: Deletion of UFD1 (Ubiquitin Fusion), a S. cerevisiae gene in the same biochemical family, is 
lethal. 


ID Name Variances Chromosome Genbank 

Identified Sequence 


1309 

Ubiquitin carrier protein (E2-EPF) 


2 

17 

M91S70 

1315 

Cyclin-selective ubiquitin carrier 
protein 


2 

17 

U73379 

13S2 

UBIQUITIN CARBOXYL- TERMINAL HYDROLASE 

3 

2 

14 

D80012 

1363 

UBIQUITIN CARBOXYL- TERMINAL HYDROLASE 

T 

1 

12 

X91349 

1420 

UBIQUITIN CARBOXYL- TERMINAL HYDROLASE 

14 

4 

13 

M6B8S4 

1431 

UBIQUITIN CARBOXYL-TERMINAL HYDROLASE 
ISOZYME LI 


2 

4 

X04741 

1511 

Ubiquitin A- 52 residue ribosomal 
protein fusion product 1 


1 

19pl3.1-pl2 

S79522 

1514 

Ubiquitin-conjugating enzyme E2I 


6 

16pl3 . 3 

U45328 

1515 

Ubiquitin fusion-degradation protein 


4 

18 

U64444 


(UFD1L) 


5) DNA Helicases 

Validation: Deletion of DNA2(DNA Helicase), a S. cerevisiae gene in the same biochemical family, is 
lethal. 


ID Name 


Variances Chromosome Genbank 
Identified Sequence 


1050 Human CHL1 potential helicase (CHLR1) , 

complete cds 
1057 ATP -DEPENDENT DNA HELICASE II, 86 KD 

SUBUNIT 

1123 RecQ protein-like (DNA helicase Ql-like) 
1397 218kD Mi-2 protein 


18 
2 

12pl2-pll 
12 


U33833 
M30938 


L36140 
X86691 


5) DNA Polymeras 


WO 98/41648 


168 / 214 


PCT7US98/05419 


Validation: Deletion of POL2(DNA pol epsilon), a S. cerevisiae gene in the same biochemical family, is 
lethal. 

ID Name Variances Chromosome Genbank 

Identified Sequence 


1059 Human DNA polymerase delta small 3 12 U21090 

subunit mRNA, complete cds 
1105 DNA polymerase alpha subunit 1 X,ll L24S59 


5) DNA Replication 

Validation: Deletion of CDC45 (Chromosomal DNA Replication), a S. cerevisiae gene in the same 
biochemical family, is lethal. 


ID Name 


Variances Chromosome Oenbanlc 



Identified 


Sequence 


1048 

DNA REPLICATION LICENSING FACTOR CDC47 
HOMOLOG 

1 

4 

D55716 

1094 

Human mRNA for KIAA0030 gene, partial 
cds 

2 

3 

X67334 

1124 

Replication factor C (activator 1) 1 
(14 5kD) 

2 

4pl4-pl3 

L14922 

120B 

DNA topoisomerase I 

2 

20ql2-ql3 .1 

J032S0 

22 

Topoisomerase II 

2 

17q21-q22 

J04088 

1222 

Minichromosome maintenance deficient 
(S. cerevisiae) 3 

1 

17q21-q22 

D38073 

1461 

Replication protein A2 (32kD) 

2 

lp35 

J05249 


5) Histone 

Validation: Deletion of CSE4(Similar Histone H3), a S. cerevisiae gene in the same biochemical family, 
is lethal. 


ID 


Name 


Variances 
Identified 


Chromosome Genbanlc 
Sequence 


1335 
1336 
1341 
1342 
1343 
1344 
1345 


Histone Hl(O) 
Histone Hlx 
HISTONE HID 
HISTONE H2A.1 
Histone H2A.2 
Histone H2B.1 
H4 histone 


22 
22 
g 
6 
6 
1 
1 


X03473 
D64142 
X5712S 
U90551 
L19779 
M60756 
X60486 


5) Polyadenylation and 3' Cleavage 


Validation: Deletion of FIP1 {Polyadenylation Factor), a S. cerevisiae gene in the same biochemical 
family, is lethal. 


XD Name 


Variances Chromosome Genbanlc 
Identified Sequence 


WO 98/41648 


169 / 214 


PCT/US98/05419 


1053 Human cleavage and polyadenylation 

specificity factor tuRNA, complete cds 
134 9 HNRNP METHYLTRANSFERASE 
1426 Poly (A) -binding protein-like 1 


14 
14 


U37012 


D66904 
Y00345 


5) Purine/Pyrimidine Biosynthesis 

Validation: Deletion of CDC8(Thymidylate Kinase), a S. cerevisiae gene in the same biochemical family, 
is lethal. 


ID 


Name 


Variances 
Identified 


Chromosome Qenbanlc 
Sequence 


1235 
1268 
1293 
1326 


1437 


1510 
1517 


1518 


ADENYLOSUCCINATE LYASE 
CAD PROTEIN 
CTP synthetase 
Phosphor ibosylglycinamide 
formyltransf erase, 

phosphoribosylglycinamide synthetase, 
phosphor ibosylaminoimidazole synthetase 
Phosphoribosyl pyrophosphate 
amidotransf erase 
Thymidylate synthase 
Uridine monophosphate synthetase 
(orotate phosphoribosyl transferase 
and orotidine-5 ' -decarboxylase) 
Uridine Phosphorylase 


1 
2 

lp34.1 
21q22.1 


4ql2 

18pll .32 
3ql3 


X65867 
D7B586 
X52142 
X54199 


U00238 


X02308 
J03626 


X90858 


5) Ribonucleotide Reductase 

Validation: Deletion of RNR1 (Ribonucleotide Reductase), a S. cerevisiae gene in the same biochemical 
family, is lethal. 

ID Name Variances Chromosome Genbank 

Identified Sequence 


1452 RIBONUCLEOSIDE-DIPHOSPHATE REDUCTASE 4 11 X59543 

Ml CHAIN 


5) RNA Helicase 

Validation: Deletion of BRR2(RNA Helicase), a S. cerevisiae gene in the same biochemical family, is 
lethal. 

ID Name Variances Chromosome Genb&nX 

Identified Sequence 


1100 Human mRNA for KIAA0224 gene, complete 4 
cds 

1163 DEAD/H (Asp-Glu- Ala-Asp/His) box 1 

polypeptide 9 {RNA helicase A) 
14 84 PUTATIVE ATP-DEPENDENT RNA HELICASE 3 

STE13 


16 D86977 
1 L13848 
19 U90426 
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5) RNA Polymerase II Components 

Validation: Deletion of RPA135(RNA pol Subunit), a S. cerevisiae gene in the same biochemical family, 
is lethal. 


ID 

Name Variances 

Identified 

Chromosome 

Genbank 
Sequence 


1026 

Homo sapiens (clone mf.18) RNA 
polymerase II mRNA, complete cds 

3 

19 

L37127 

1088 

Human RNA polymerase II subunit 
(hsRPBlO) mRNA, complete cds 

7 

19 

U37690 

1109 

RNA polymerase II, polypeptide C (33kD) 

3 

16ql3-qq21 

J05448 

1110 

Polymerase (RNA) II (DNA directed) 
polypeptide A (220kD) 

1 

17pl3.1 

X63564 

1165 

DNA-DIRECTED RNA POLYMERASE II 23 KD 
POLYPEPTIDE 

9 

17pl3.1 

J0496S 

1360 

RNA polymerase II subunit hsRPB7 

1 

11 

U20659 


5) RNA Polymerase III 

Validation: Deletion of RPA135(RNA pol Subunit), a S. cerevisiae gene in the same biochemical family, 
is lethal. 

ID Name Variances Chromosome Genbank 

Identified Sequence 


1170 Human RNA polymerase III subunit 1 11 U93867 

(RPC62) mRNA, complete cds 


5) RNA Splicing/Processing 

Validation: Deletion of CUS1(U2 snRNP protein), a S. cerevisiae gene in the same biochemical family, is 
lethal. 

ID Name Variances Chromosome Genbank 

Identified Sequence 


1171 

Human spliceosome associated protein 
(SAP 145) mRNA, complete cds 

• 1 

2 

U41371 

1172 

Human splicesomal protein (SAP 61) 
mRNA, complete cds 

3 

2 

U06815 

1176 

H. sapiens mRNA for splicing factor 
SF3al20 

1 

22 

XB5237 

1177 

Splicing factor, arginine/serine-rich 2 

2 

4, 17 

M90104 

1181 

Human splicing factor SRp30c mRNA, 
complete cds 

1 

6 

U30825 

1183 

PRE -MRNA SPLICING FACTOR SRP75 

2 

1 

L14076 

1216 

SPLICING FACTOR U2AF 65 KD SUBUNIT 

1 

1 

X64044 

1224 

Human (clone E5.1) RNA-binding protein 
mRNA, complete cds 

4 

1 

L37368 

1322 

Fibrillarin 

1 

1 

X56597 

1354 

Heterogeneous nuclear 

1 

9q21.32-q21.33 

S74678 


ribonucleoprotein K 
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1455 

Ul SMALL NUCLEAR RIBONUCLEOPROTEIN A 

3 

9q21.32-q21.33 

X06347 

1460 

Ul small nuclear RNP-specific C 

2 

15 

X12517 

1473 

SnRNP core protein Sm D3 

2 

22 

U15009 

1474 

SnRNP core protein Sm D2 

5 

22 

L'15003 

1477 

Ul snRNP 70K protein 

3 

19ql3 .3 

M22636 

1476 

Small nuclear ribonucleoprotein 
polypeptides B and Bl 

3 

20 

J04564 

1480 

Small nuclear ribonucleoprotein 
polypeptide N 

5 

15ql2 

U41303 


5) TATA-Binding Proteins 

Validation: Deletion of TAF145(TAFII Complex), a S. cerevisiae gene in the same biochemical family, is 
lethal. 


ID 


Name 


Variances 
Identified 


Chromosome Genbanx 
Sequence 


1193 


L196 


1199 
1361 


H. sapiens mRNA for transcription 

factor TFIID subunit TAFII2B 

Human TFIID subunit TAFIISS (TAFIIS5) 

mRNA, complete cds 

TATA box binding protein 

TBP-associated factor (hTAFII130) 


6 
5 

6q27 
20 


X8392B 
U18062 


M556S4 
U7530B 


5) Transcription Elongation Factors 

Validation: Deletion of RP021(RNA pol Subunit), a S. cerevisiae gene in the- same biochemical family, is 
lethal. 


ID 


Name 


Variances 
Identified 


Chromosome Ganbanlc 
Sequence 


1077 TRANSCRIPTION ELONGATION FACTOR S-II 
4 TRANSCRIPTION ELONGATION FACTOR B3 
32 Elongin TCEB1 


B 

5q31 
lp36 .1 


M81601 
L34587 
L47345 


5) Transcription Factors 

Validation: Deletion of BBPl(BFRlp binding), a S. cerevisiae gene in the same biochemical family, is 
lethal. 


ID 

Name Variances 

Identified 

Chromosome 

GenbanJc 
Sequence 


33 

SUPT6H 

3 

17qll.2 

U46691 

1202 

Human TFIIA gamma subunit mRNA, 
complete cds 

1 

15 

U14193 

1205 

General transcription factor TFIIE 
beta subunit, 34 kD 

1 

8p21-pl2 

X63469 

1206 

TRANSCRIPTION INITIATION FACTOR IIF, 
BETA SUBUNIT 

1 

8p21-pl2 

X16901 

1247 

CYCLIC-AMP-DEPENDENT TRANSCRIPTION 
FACTOR ATF-1 

1 

19pl3.3 

X55544 

1248 

CAMP -dependent transcription factor 

3 

2 

MB6842 
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1274 
1292 
1368 
1373 

1411 
1483 
1496 


1497 


1498 


1500 
1501 


ATF-4 (CREB2) 

Transcription Factor (CBFB) 
CRM1 protein 

Transcription Factor IL-4 Stat 
SIGNAL TRANSDUCER AND ACTIVATOR OF 
TRANSCRIPTION 1 -ALPHA/BETA 
Nuclear Factor I-B2 (NFIB2) 
Transcription Factor StatSb 
Transcription factor 12 (HTF4, 
helix-loop-helix transcription factors 
4) 

Transcription factor 3 (E2A 
immunoglobulin enhancer binding 
factors E12/E4 7) 
Transcription factor 6-like 1 
(mitochondrial transcription factor 
1-like) 

TRANSCRIPTION FACTOR PS5 
Transcription factor COUP 2 (a.k.a. 
ARP1) 


2 
2 

21q21-q22.1 
21q21-q22.1 

19 
17 
15q21 


19pl3 .3 


7p 


11 

15q26.1-q26.2 


L20298 
Y08614 
U1S031 
M97935 

U85193 
U4B730 
M83233 


M31523 


MS2810 


L19067 
X91504 


6) Clathrin 

Validation: Deletion of RET 1 (Alpha-Cop), a S. cerevisiae gene in the same biochemical family, is lethal. 


Name 


Variances 
Identified 


Chromosome Genbank 
Sequence 


1242 CLATHRIN COAT ASSEMBLY PROTEIN AP47 

1243 CLATHRIN COAT ASSEMBLY PROTEIN AP50 
1282 cell surface protein 

1290 Clathrin, light polypeptide (Lcb) 

1291 Clathrin heavy chain 


3 
22 

4q2-q3 
17qll-qter 


D38293 
U36188 
XB3545 
M20470 
U41763 


6) Cytoskeleton 

Validation: Deletion of MHPl(Microtubule Interacting), a S. cerevisiae gene in the same biochemical 
family, is lethal. 


ID 

Name Variances 

Identified 

Chromosome 

Genbank 
Sequence 


1 

Ac tin, gamma Subunit 

8 

17pll-qter 

X04098 


Sh3pl7(Myosin IC Heavy Chain) 

1 

21 

U61166 

1032 

Actin depolymerizing factor [human, 
fetal brain, mRNA, 1452 ntl 

4 

20 

S65738 

1038 

Capping protein (actin filament), 
gelsolin-like 

3 

2cen-q24 

M94345 

1039 

Human capping protein alpha mRNA, 
partial cds 

2 

7 

U03851 

1056 

Desmin 

1 

2q3 5 

J03191 

1080 

Gelsolin (amyloidosis, Finnish type) 

1 

9q34 

X04412 

1092 

Keratin 19 

5 


Y00503 

1093 

KERATIN, TYPE II CYTOSKELETAL 6D 

13 

5,12 

J00269 

1267 

BETA-CENTRACTIN 

1 

2 

XB2207 

1284 

Cofilin 1 (non-muscle) 

5 

llql3 

X95404 

1383 

LAMIN A 

1 

20 

M13451 

1385 

Lamin B receptor 

1 

lq42.1 

L25931 
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1386 MYOSIN LIGHT CHAIN ALKALI, NON-MUSCLE 1 12,17 M22920 
ISOFORM 

1404 MYOSIN HEAVY CHAIN 95F 1 4pl6.3 U90236 

1405 MYOSIN HEAVY CHAIN IB 1 13 DS347S 

1406 Myosin-IC 1 13 U14391 
1486 SUPPRESSOR OF TUBULIN STU2 1 11 X92474 
1495 MICROTOBULE-ASSOCIATED PROTEIN TAU 1 17 J03778 

1507 Tubulin, gamma polypeptide 1 17 M61764 

1508 TUBULIN ALPHA- 4 CHAIN 1 17 X06956 
1520 Myosin VIIA (USH1B) 2 17 U39226 


6) ER Protein 

Validation: Deletion of BETl(v-SNARE), a S. cerevisiae gene in the same biochemical family, is lethal. 

ID Nana Variances Chromosome QenbanJc 

Identified Sequence 

1272 Calnexin 1 5q35 M94859 

1317 ER LUMEN PROTEIN RETAINING RECEPTOR 2 1 19 M884 58 

1614 Ribophorin I 4 3q Y00281 

1615 Ribophorin II 1 20ql2-ql3.1 Y00282 


6) Integrin 

Validation: Deletion of MY02(Myosin Heavy Chain), a S. cerevisiae gene in the same biochemical 
family, is lethal. 

ID Name Variances Chromosome Genbank 

Identified Sequence 

1378 Integrin alpha-3 subunit 1 5q23-q31 MS9911 


6) Karyopherin 

Validation: Deletion of KAP121 (Karyopherin), a S. cerevisiae gene in the same biochemical family, is 
lethal. 

ID Name Variances Chromosome QenbanJc 

Identified Sequence 

1091 karyopherin alpha 3 3 13 D8961B 

1214 transportin (TRN) 1 13 U70322 


6) Lysosomal Proteins 

Validation: Essential for sequestering and degrading aged or defective organelles and polymers that can 
interfere with cell survival, proliferation as seen by human diseases such as Tay-Sachs 
disease. 
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ID Name Variances Chromosome Genbank 

Identified Sequence 

1265 ATPase, H» transporting, lysosomal 2 22pter-qll.2 X7S228 
(vacuolar proton pump) 31kD 


6) MITOCHONDRIAL IMPORT 

Validation: Genes required to maintain inorganic ions at levels compatible with cell growth or survival. 

ID Nana Variances Chromosome GenbanJc 

Identified Sequence 

157S MITOCHONDRIAL IMPORT RECEPTOR SUBUNIT 6 1 ' D13641 

TOM20 


6) Nuclear Pore Complex 

Validation: Deletion of GSPl(Nuclear Pore Trafficking), a S. cerevisiae gene in the same biochemical 
family, is lethal. 


ID 

Name Variances 

Identified 

Chromosome 

Genbank 
Sequence 


28 

Nuclear Pore Complex NUP214 

3 

9 

D14689 

29 

Nucleoporin 98 

3 

llpl5 

U41815 

126S 

HETEROGENEOUS NUCLEAR 

4 

20 

L38696 


RIBONUCLEOPROTEIN C 




1350 

Heterogeneous nuclear 

4 

12ql3 .1 

X79536 


ribonucleoprotein Al 



1355 

Nuclear pore complex protein hnupl53 

3 

6 

Z25535 

1425 

NUCLEAR PORE GLYCOPROTEIN P62 

1 

11 

X58521 

1449 

Export protein Rael 

5 

20 

U84720 

1454 

HETEROGENEOUS NUCLEAR 

3 

12 

M29063 


RIBONUCLEOPROTEINS C1/C2 




1524 

14 0 KD NUCLEOLAR PHOSPHOPROTEIN 

5 

10 

D212S2 


6) Protein Transport 

Validation: Deletion of BET3(v-SNARE associated), a S. cerevisiae gene in the same biochemical family, 
is lethal. 


ID 


Name 


Variances 
Identified 


Chromosome Genbank 
Sequence 


8 Integral Transmembrane Protein 
1467 Sec23A isoform 

1608 Signal recognition particle receptor 

( 1 docking protein • ) 
1613 TIM17 preprotein translocase 


llq23-24 
14 

Ilq23-q24 


L38961 
X97064 
X06272 

X97544 


6) Syntaxin 
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Validation: Deletion of SEDS(Syntaxin), a S. cerevisiae gene in the same biochemical family, is lethal. 


ID 

Najno 


Variances 

IdenCified 

Chromosome 

Genbank 
Sequence 


1186 

syncaxin 

1A 


1 

21q22.1 

L37792 

1188 

syntaxin 

3 


1 

11 

U32315 

1189 

Syncaxin 

5A 


2 

11 

U26648 

1190 

syncaxin 

7 


1 

6 

U77942 


6) Vacuolar Protein 

Validation: Deletion of PPAl(Vacuolar H-ATPase), a S. cerevisiae gene in the same biochemical family, 
is lethal. 


ID Nue 


Variances Chromosome Genbank 
Identified Sequence 


12S1 Vacuolar H+ ATPase procon channel 
subunic 


M62762 


6) Vesicle Proteins 

Validation: Deletion of SARl(COP II), a S. cerevisiae gene in the same biochemical family, is lethal. 


ID 


Name 


Variances 
IdenCified 


Chromosome Genbank 
Sequence 


1025 Human (chromosome 3p25) membrane 

protein mRNA 
24 COATOMER BETA SUBUNIT 
1055 COATOMER DELTA SUBUNIT 
1082 Human GP36b glycoprotein mRNA, 

complete cds 

1173 SEC14 (S. cerevisiae) -like 

1174 Human homologue of yeast aec7 mRNA, 
complete cds 

1184 Human chromosome 17q21 mRNA clone LF113 
1217 H. sapiens mRNA for vacuolar- type 
H{+) -ATPase 115 kDa subunit 


3,18 

3 
11 

5 

17q25.1-q25.2 
17q25.1-q25.2 

17 
17 


L092S0 

X70476 
X81198 
U10362 

D67029 
M85169 

U18009 
Z71460 


99) Direct Essential Yeast Homolog 

Validation: Deletion of the S. cerevisiae homologue of this gene is lethal. 


ID 


Name 


Variances 
Identified 


Chromosome Genbank 
Sequence 


1238 
1239 
1241 
1271 

1300 


Aldolase A 

Aldolase B, f ructose-bisphosphate 
S-adenosylmethionine decarboxylase 1 
Calmodulin 1 tphosphorylase kinase, 
delta) 
DED81 


16q22-q24 
9q22 
Sq21-q22 
14q24-q31 

18 


M11S60 
X02747 
M21154 
D4S887 

U79254 
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1301 

Deoxyhypusine synthase 

3 

19pl3 . Il-pl3 .12 

L3906B 

1306 

Dolichol monophosphate mannose 

2 

20 

AF007675 


synthase (DPMI) 




1318 

ESS1 PROTEIN 

1 

19 

U49070 

1332 

Glucose phosphate isomerase 


19ql3 .1 

K03515 

1333 

Guanylate kinase (GUK1) 

3 

19ql3.1 

L76200 

1359 

Heat shock 60 kD protein 1 (chaperonin) 

T_ 

9 

K34664 

1367 

PERIODIC TRYPTOPHAN PROTEIN 1 

1 

12 

L07758 

1372 

IPP isomerase 

1 

10 

X17025 

1396 

N-acetylglucosaminyl transferase I 

4 

5q31.2-q31.3 

M55621 

1399 

Mannose phosphate isomerase 

3 

15q22-qter 

X76057 

1414 

Nipl 

1 

5 

U1S172 

1415 

GLYCYLPEPTIDE N-TETRADECANOYLTRANSFERASE 

2 

17 

M86707 

1433 

PHOSPHATIDYLINOSITOL 4 -KINASE ALPHA 

10 

17 

L36151 

1446 

PERIODIC TRYPTOPHAN PROTEIN 2 

2 

a 

U53346 

1519 

Uridine diphosphoglucose 

1 

2 

U27460 


pyrophosphorylase 





WO 98/41648 


177 / 214 


PCT/US98/05419 


F/ 3 . 

Target Variances by Field Table 
for Conditionally Essential Genes 

Conditionally Essential Biosynthetic Enzymes 

Validation: Conditionally Essential 

ID Name Variances Chromosome Genbank 

Identified Sequence 

1536 5-methyltetrahydrofolate-homocysteine 3 U75743 

methyl transferase 

1539 Glutamate-ammonia ligase (glutamine 5 iq3i X59834 

synthase) 


Proteins that Repair Radiation Induced DNA Damage 

Validation: Conditionally Essential 

ID Name Variances Chromosome Genbank 

Identified Sequence 

1541 Fanconi anemia complementation group C 1 9q22.3 X66894 


Proteins of DNA Repair 

Validation: Conditionally Essential 

ID Name Variances Chromosome Genbank 

Identified Sequence 

1528 DNA excision repair protein ERCC5 i 13q33 D1S305 

1530 HHR23A protein 3 9 D21235 

1532 DNA EXCISION REPAIR PROTEIN ERCC-1 2 19ql3 . 2-ql3 . 3 M13194 

1533 DNA repair helicase ERCC3 l " 2q21 M31899 
1537 URACIL-DNA GLYCOSYLASE 1 PRECURSOR 2 8 X15S53 
1526 Damage-specific DNA binding protein 1 2 11, 15 AJ002955 

(127 kD) 


Proteins that repair chemically induced DNA damage 

Validation: Conditionally Essential 

ID Name Variances Chromosome Ganbank 

1534 O-6-methylguanine-DNA methyltransf erase 4 10q26 M60761 
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Target 

Loc'n 

Sequence around 

# Varia 1 

# Varia 2 

Protein 

ID 


[polymorph.! ami 

(Lib) 

(Lib) 

Change 

1.01 

472 

CGGCCATGTA [C/T] GTGGCCATCC 

71 

(36) 

1 (1) 

Silent 

.02 

250 

ACGAGGCCCA [G/A] AGCAAGCGTG 

71 

(36) 

1 (1) 

Silent 

.03 

1003 

CGGGCATTGC IC/T] GACAGGATGC 

66 

(35) 

6 (5) 

Silent 

.04 

801 

ACGAGCTGCC [C/T] GATGGCCAGG 

71 

(36) 

1 (1) 

Silent 

.05 

1201 

AATGCTTCTA [A/O] ACGGACTCAG 

71 

(36) 

1 (1) 

Silent 

.06 

991 

CCACCATGTA [C/T) CCGGGCATTG 

17 

(17) 

56 (35) 

Silent 

.07 

1099 

TGTGGATCGG [T/CJ GGCTCCATCC 

71 

(36) 

1 (1) 

Silent 

.08 

499 

GTGCTGTCCCT (C/G) TACGCCTCT 

65 

(65) 

7 (7) 

Silent 


4.01 2168 CCGCCAGTAG [C/T] ATCAGCTTTA 61(34) 11(9) 3'UT 

.02 388 TGGAAAGCCA(C/T] GGGGAGCCGA 62(29) 10(7) Thr->Met 

.03 491 AGAGGAGAGA (T/C) GAGAGAAAGA 68(36) 4 (4) Silent 

.04 1171 AAAACTAATT IT/C) GGATAGAAAG 68(36) 4 (4) Leu->Ala 

.05 336 TCGGGATGCC [C/T] TGCAGAAGGA 71(35) 1(1) Silent 


5. 

01 

421 

ACGTCCCAAC [G/A] AAGAGACCAC 

66 (36) 

6(6) 

Silent 

8 . 

01 
02 
03 

1570 
778 
158 

CTCCGTCCA [T/C] TGTACTATCTG 
TCCACGTCCT [C/G] GTGCTGATGC 
GGACACACTT [T/C] TGAAGCTTCT 

70 (36) 
71(36) 
71(36) 

2 (2) 
1(1) 
1(1) 

Silent 
Silent 
Silent 

9. 

01 

1929 

CCATGCACCA [C/A] GAGGACTTTA 

71(36) 

1 (1) 

His->Gln 

10. 

01 

1099 

AACCGTGTCAGGGAAACACCA 

69 (36) 

3 !3) 

Gly- >Arg 

14. 

01 
02 

911 
1174 

CAATTCAATC [G/A] CCGCCCTAAA 
CAAACAGTAA [G/A] TGAAAATGGT 

69 (36) 
71(36) 

3 (3) 
1(1) 

Arg->His 

20. 

01 

02 
,03 

1627 
2041 
1393 

CCCAGCACAT [C/T] ACCTATGTGC 
GCCGAAGTGT [C/G] CGGTTCTCTG 
cagccatcca [c/t) gaggtcatgg 

44 (30) 
71 (36) 
71(36) 

28 (21) 
1(1) 
1(1) 

Silent 

Asp->Glu 

Silent 

22 

.01 
.02 

4008 
4446 

CAACAAAAAC [A/C] AAATTCACAA 
AGCCATCCAC [T/G] TCTGATGATT 

71(36) 
71(36) 

1(1) 
1(1) 

Silent 
Silent 

24 

.01 

1101 

GCCACTGGCA [G/A] TAAAGGATAT 

71(36) 

1(1) 

Val->Ile 

2B 

.01 
.02 
.03 

5009 
2023 
2041 

TGCCACGCCC [G/C] TGTTTGGGCA 
AGAAATCACC [C/T] AGGATAACCC 
CCCCTCCAGC [G/A] GCAAAGCCAG 

70(36) 
71(36) 
71 (36) 

2(2) 
1(1) 
1(1) 

Val->Leu 

Silent 

Silent 

29 

.01 
.02 
.03 

1768 
2781 

CCCTGCCACT [A/C] GAGTCCGGCC 
AGGAGCATCC [G/A] TCTAAAACTA 
2 bp deletion 

67(36) 
70 (36) 

5(5) 
2(2) 

Silent 
Silent 
3 'UT 

32 

.01 
.02 
.03 

1171 
388 
2168 

AAAACTAATT [T/C] GGATAGAAAG 
TGGAAAGCCA (C/T) GGGGAGCCGA 
CCGCCAGTAG CATCAGCTTTA 

70(36) 

59 (33) 

60 (34) 

2(2) 
13 (10) 
12 (10) 

Leu- >Ala 
Pro->Met 
Silent 

33 

.01 
.02 
.03 

2397 
3708 
3795 

GGCTAGATGG [T/C] CTGGCCAAAA 
AGGTCGGGGT (C/T) GATGTCAACC 
GGACCCACCT [C/A] CTGAAGATCC 

47(33) 
63(35) 
62(35) 

25(12) 
9(8) 
10(9) 

Silent 
Silent 
Silent 

524 

.01 
.02 
.03 

1598 
2548 
3158 

CACAAGTTGA (O/A) GAGGGCGATA 
CTTATATTTC [T] 10 GATGTCAACC 
AAAATTGTCT [ GTTT ) GTTTTCTCAT 

68 (36) 
71(36) 
50(34) 

4 (4) 
1(1) 
22(20) 

Silent 
3 'UT 
3 'UT 

52S 

;.oi 

.02 
.03 

255 
346 
523 

CTGCGGTTCT [C/T] GAGGGCGATA 
CGTGCCGGCT [C/T] TTCACCATCC 
CCCCATCCTC (A/G) TCCCGTGCCA 

54 (34) 
71(36) 
63 (36) 

18(16) 
1(1) 
9(9) 

Silent 

Leu->Phe 

Ile->Val 


1025.01 1051 CAACTAACCA [G/A] ACAACTGGGA 24(20) 


48 (44) 


3 "UT 
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11 

418 

GCCCCTTTTG IC/T) AGCCCACGGC 

6 (5) 

5 

(3) 

N/D 


12 

640 

CAACTAACCA [O/A] ACAACTGGGA 

15 

( 7) 

7 

( 6) 

N/D 

1026 . 

2 

47 

GTCTGGACGC [G/A] ACGGCGGCGG 


t 1 1 

3 

( 2) 

5' UT 



262 


2 8 

in\ 

\ -L J / 

4 

I 1 « 

Silent 


19 

602 


5 

( 5) 

■L X 



1027. 

2 

405 

TGGAAGAGAT [T/C) ATTGATGACA 

2 

( 2 ) 

2 

( 2) 

Silent 


b 

Q A *5 

ouALAAAAAo I A/ 6 j TAIuAv. i UUA 

8 

( 8) 

4 

\ 4 ) 

Silent 


16 

1361 

CAGGAAGGCA [ C/A] CCCTGAGGGG 

13 

(11) 

3 

( 3) 

Thr -> , 

1031. 

31 

2990 

CCTTCGCCCA [G/A] CTGCGCCTCG 

9 

( 7) 

2 

< 2) 

Silent 


32 

2991 

CTTCGCCCAG [C/G] TGCGCCTCGG 

4 

( 4) 

4 

( 4) 

Leu -> 

1032. 

1 

3 

AGTCGCCG [Q/A] GGAGGACGGTCT 

5 

( 4) 

3 

( 3) 

5' UT 


2 

4 

GTCGCCG [Q/A] GAGGACGGTCTGC 

5 

( 5) 

3 

( 2) 

5' UT 


3 

69 

CCGCCGCGGC [G/A] AAGATGGCCT 

5 

( 5) 

2 

( 2) 

5' UT 


10 

312 

AAAAAGATTG [T/C] CGCTATGCTT 

8 

( 8) 

3 

( 3) 

Silent 

1037, 

,20 

2919 

TGGTTATGGG [G/C] GTGCCAGAGG 

15 

(13) 

2 

( 2) 

3- UT 

1038 , 

,5 

723 

CAGGTCCTGG[G/C] CCCCAAGCCT 

7 

( 7) 

3 

( 3) 

Silent 


,10 

B62 

ACTCCAGCCC [C/A] TTTGCCCTTG 

5 

( 5) 

13 

(10) 

Silent 


.13 

1053 

CCTCAGGGCC [G/A] TGAGAGTCCC 

13 

(10) 

8 

( 7) 

Arg -> 

1039 

.19 

1665 

ACCATGTCTC [A/G] GTTTATTTTT 

2 

( 2) 

6 

( 5) 

3 1 UT 


.23 

1748 

TATTTGAGTA [G/A] AAAATCACTT 

3 

( 3) 

2 

( 2) 

3' UT 

1040 

.7 

2056 

GCTGAAGAAG [T/C] CTTCGAGGCT 

20 

(16) 

2 

( 2) 

3' UT 

1043 

.1 

351 

ACTTGAAGGA [T/C] GAAAGTGGCT 

2 

( 2) 

3 

( 3) 

Silent 


.2 

372 

TCAAAGATCC [C/T] TCCAGCGACT 

2 

( 2) 

3 

( 3) 

Silent 

1048 

.3 

34 1 

GCTACGCGAA [G/A] CTCTTTGCTG 

2 

( 2) 

2 

( 2) 

Silent 

1049 

. 10 

264 8 

CCTGAAACCC [T/A] GAAGCTGATG 

5 

( 4) 

3 

( 1) 

3 ' UT 


. 12 

2768 

CAGTGGTAGC IG/AJ ATGGAAAAAA 

8 

( 6) 

2 

( 1) 

3 ' UT 

1050 

. 11 

2381 

CAGGAAGAAG [A/G] TATTCCAGGA 

' 4 

( 2) 

2 

( 2) 

lie - > 


. 13 

2750 

TTTTGCCAGC [G/A] TAGTGCTCCT 

2 

( 2) 

2 

( 1) 

Val - > 


.14 

3034 

GAGTCCAGAG [T/C] GCTGCCAGGA 

2 

( 2) 

2 

( 1) 

3 ■ UT 

1051 

.10 

260 

AG CTGG CAAG [C/T] TACTTTTCAG 

15 

(10) 

3 

( 1) 

3 • UT 


.18 

409 

TTTGCTTCTT [G/A] AGTAGAGCCA 

17 

(12) 

3 

( 1) 

3' UT 

1052 

. 7 

428 

TGTACAAATC [T/C] TTCATCCATA 

7 

( 6) 

2 

( 2) 

3 ' UT 

1053 

.24 

4113 

AGGAGAAGAC [C/T] TACCGGCGGC 

8 

( 7) 

8 

( B) 

Silent 

1055 

.17 

3122 

CAGCGTCAGC [C/A] AGCTCAGCCT 

4 

( 4) 

4 

( 4) 

3' UT 


.23 

3450 

TGAGAAGGGC [T/C] TGGGACAAGA 

26 

(12) 

3 

< 3) 

3 • UT 


.25 

3568 

TCAAAAAACC [T/C] TTTTTTTCTG 

26 

(12) 

2 

( 2) 

3 • UT 


.01 

2061 

AGGCTGGTCG [C/T] GAACTCCTGA 

61(34) 

11 (9) 

3 'UT 


.02 

2419 

TTAAAAGATA [C/A] GCATGTCTTC 

59(33) 

13 (10) 

3 'UT 


.03 

3047 

TAAGTCTTTT [G/T] AGTGTCATCA 

71(36) 


1(1) 

3 'UT 


.04 

2960 

TATTACTCAC [Q/A] TATACCCCAT 

71(36) 


1 (1) 

3 'UT 


.05 

3450 

TGAGAAGGGC [T/C] TGGGACAAGA 

60(33) 

12 (9) 

3 'UT 


.06 

3296 

CTGCAAAGAG [T/C] GTACTGTGCT 

60(33) 

12 (9) 

3'UT 

1056 

.12 

407 

CAAGAGCACC [G/C] GTGGGGCCCC 

13 

( 9) 

2 

( 2) 

Val -> 

1057 

.20 

3067 

TAACTTTTCG [G/A] TCTTTCCCAT 

7 

( 5) 

3 

( 3) 

3' UT 


1059.11 1130 AACGTGAGTG [A/G] CATTTTCCGA 5 ( 5) 


2 t 2) Asp -> Ala 
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Target Loc'a Sequence around # Varia 1 # Varia 2 Protein 

10 [polymorphism] (Lib) (Lib) Change 



19 

1327 

AATCATCCGA [G/A] GTCCTGAGGA 

19 

(14) 

3 

( 3) 

Val -> ; 


27 

1474 

GGGAGGCCTG [G/A] GGCTGGGCCC 

15 

(11) 

2 

( 2) 

Gly -> J 

10S3. 

21 

705 

CGGACATGGC [C/T] CAGCTGGAGG 

e 

( 7) 

8 

( 7) 

Silent 


22 

721 

GGAGGCCTGT [O/T] TGCGCTCTAT 

16 

(14) 

2 

( 2) 

Vai -> : 


36 

949 

GCGTGCGTGA [O/A] GGCCCTGCCA 

2 

( 2) 

2 

( 2) 

3' UT 

1068 . 

3 0 

2756 



1X3/ 

2 


Ala - > 

1069. 

10 

1199 

GGGCGCCAGC [C/G] GAGTGCTTAT 

17 

(13) 

2 

( 2) 

Axg -> 

1070. 

3 

303 

AAGAGGATGG [G/T] CAGGAGTATG 

3 

( 2) 

6 

( 6) 

Gly -> 


7 

615 

ACATTGGAGA I T / C J GATGATGAAU 

b 

\ o J 





12 

1092 

GAAGTCTGCA [G/T] TTGAAGAAAA 

5 

( 5) 

3 

( 3) 

3' UT 

1072 , 

. 20 

13 09 

TCACGAGATT IT/ CJ GCCASGuGLA 

1 3 

1 1 n \ 

1 1U J 

2 

I * i 

3 1 UT 


.21 

1310 

CACGAGATTT [G/T] CCAGGGGCAT 

4 

( 3) 

5 

( 5) 

3' UT 

1073 

.2 

65 

GGCCCAGAGG [G/A] AATGGACCCC 

2 

( 1) 

2 

( 2) 

Silent 

1074 

.18 

1428 

TTGTGTGATT [T/C] CCTAAACATA 

5 

( 4) 

2 

( 2) 

3' UT 


.21 

1650 

TTGTCTTTTA ( G/A] ACAACTAGAT 

6 

( 6) 

3 

( 3) 

3' UT 


.22 

1652 

GTCTTTTAGA [C/A] AACTAGATTT 

5 

( 5) 

3 

( 3) 

3< UT 

1077 

.19 

1275 

TATAATAATT [G/T] TATGGTACCT 

3 

( 2) 

3 

( 3) 

3' UT 


.22 

1585 

ATGTACATAA [T/A] TTTGAGGTAG 

7 

( 5) 

3 

( 1) 

3 ' UT 


.30 

2336 

TCAGGCACCC [A/G] TAGAAAGACC 

4 

( 3) 

10 

( 9) 

3 ' UT 


.34 

2460 

GAATTGGCCC [G/A] CTGGTACCAA 

5 

( 4) 

16 

(14) 

3' UT 

1079 

.11 

2035 

CTGCTGTAGT [T/C] GCTCCATTCA 

19 

(14) 

2 

( 1) 

Silent 


.18 

2347 

GCAACATCAC [A/G] TGGGCTGATG 

25 

(17) 

2 

( 2) 

Silent 

1080 

.24 

2367 

TGCCTGAGGA [A/C] GGGCAGGGCC 

1 

( 1) 

5 

( 4) 

3' UT 

1081 

.17 

805 

GATTGATAGA [G/A] AGAAACTGCG 

13 

( 8) 

2 

( 1) 

Ser -> 


.36 

1178 

ATGCATATTGTAAAATAAA [A/G] A 

2 

( 2) 

10 

( 9) 

3' UT 

1082 

.19 

767 

TTCGGGGCCT [C/T] CGCCGGCACC 

7 

( S) 

2 

( 2) 

Ser - > 


.27 

924 

ACGTGGACGA [C/A] CCCACGGGGA 

3 

( 3) 

3 

( 3) 

Asp - > 


.40 

1333 

GTCTACAGAT [G/T] GGCTGTGGCC 

4 

( 4) 

5 

( 5) 

3 ■ UT 


1088 .11 

112 

CCGAGGGGGA [C/T] GCGCTGGATG 

23 

(16) 

7 

( 5) 

Silent 


.12 

144 

AAGCGCTACT [G/C] CTGCCGCCGG 

24 

(18) 

5 

( 4) 

Cys -> 

Ser 

.13 

145 

AGCGCTACTG [C/G] TGCCGCCGGA 

21 

(16) 

5 

( 4) 

Cys -> 

Trp 

.20 

226 

GACCACGCTG (A/O) AACCCACCCA 

23 

(16) 

18 

(11) 

3' UT 


.21 

238 

ACCCACCCAC [C/A] CGCTGTGCTG 

31 

(19) 

3 

( 3) 

3' UT 


.24 

270 

TGAGCGTCCT [A/G] CCCCGAATTC 

29 

(IB) 

9 

( 6) 

3' UT 


.27 

338 

GTGTGTATCC [C/O] ATACCCCACT 

23 

(15) 

2 

( 2) 

3' UT 



1090, 

.18 

4153 

GTGTAAAATA [T/C] GCTGCTTGGA 

13 

112) 

2 I 

I 2) 

3' UT 


,21 

4215 

CTCACAGTAA [T/C] CTTCACACTT 

21 

(16) 

2 I 

: i) 

3' UT 

1091. 

,3 

793 

AGGATCCCCC [A/G] CCGCCTATGG 

2 

( 1) 

5 

( 2) 

Silent 


,9 

962 

CTTTCTTGTG [C/T] CCCTTCTGAG 

4 

( 3) 

5 

( 2) 

Pro -> 


.14 

2078 

AAGAGGTGCA [A/G] TGTGATCTGA 

6 

( 5) 

11 

( 8) 

3' UT 

1092 

.5 

342 

CCTGGAGGCG [G/C] CCAACGG CGA 

16 

( 8) 

4 

( D 

Ala -> 


.10 

401 

GGCCTGGGCC [C/T] TCCCGCGACT 

9 

( 6) 

11 

( 5) 

Silent 


.11 

503 

AGATCGACAA [C/T] GCCCGTCTGG 

11 

( 6) 

6 

( S) 

Silent 


.22 

1034 

TTGGAGCCCA [G/C] CTGGCGCATA 

4 

( 4) 

3 

( 2) 

Gin -> 
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ID 


(polymorphism] (Lib) 


(Lib) 

Change 



23 

1035 

TGGAGCCCAG [C/G] TGGCGCATAT 

3 

( 3) 

3 

( 2) 

Leu -> Val 

1093. 

2 

256 

CTCTCACAGA [C/T] GAGATCAACT 

3 

( 2) 

2 

( 1) 

Silent 


3 

330 

CAGACACATC [T/C] GTGGTGCTGT 

3 

( 2) 

3 

( 2) 

Silent 


4 

339 

CTGTGGTGCT [G/A] TCCATGGACA 

3 

( 2) 

3 

( 2) 

Silent 


g 

420 

TTGCTCAGAG [A/G J AGCCGGGCTG 

3 

( 2) 

3 

( 2) 

S i lent 


44 

954 

GCGTTGGAGG IT/C] GGCTTCAGTT 

■7 

\ 4 I 

3 

( 1) 

Val -> Ala 


23 

960 

GAGGTGGCTT [C/T] AGTTCCAGCA 

/ 

\ 4) 

3 

( 1) 

aiienL 


24 

972 

t*\ iwiinn «h « m« A five i 

GTTCCAGCAG [T/C] GGCAGAGCCA 

7 

I 2) 

3 

( 1) 

bllent 


27 

983 

GGCAGAGCCA (T/C] TGGGGGTGGC 

7 

( 2) 

3 

( 1) 

lie -> Thr 


28 

1065 

GGAAGAGCTA [T/C] AAGCACTAAA 

9 

( 3) 

3 

( 1) 

Silent 


44 

1198 

TAGAGCTGGG IG/T) ATGAATGCTT 

13 

I 2 } 

3 

( 1) 

3 1 UT 


4 5 

1202 

GCTGGGGATG [A/G] ATGCTTAGTG 

13 


4 

( 1) 

3 1 UT 


49 

1579 

TGTGCTCTTC tA/G] CTCTTTGCAA 

14 

\ J ) 

5 

( 2) 

3 ' UT 


50 

1582 

GCTCTTCACT [C/G] TTTGCAATTG 

13 

( 3) 

6 

( 3) 

3 ' UT 

1094. 

24 

3103 

TGCTTTTGCT [C/G] GCTTTGGCCA 

15 

( 9) 

4 

( 2) 

3' UT 


25 

3104 

GCTTTTGCTC [G/C] CTTTGGCCAG 

2 

( 2) 

4 

( 2) 

3 ' UT 

1095 , 

. 17 

2885 

CGTAGGAAGG [G/C] CCTCASTGAA 

18 

(11) 

2 

( 2) 

Silent 


,25 

2994 

GTGGACTCCT [G/T] GGAGCTCCTG 

14 

(10) 

3 

( 3) 

3' UT 


,31 

3246 

GGGGATGAAA [C/A] CCCAAGGGGC 

10 

( 7) 

12 

(11) 

3' UT 

1098 . 

, 10 

1486 

GGCAGTGGCCIG/C] CCCTGGGTGA 

8 

( 7) 

3 

( 3) 

Ala -> Pro 


,13 

1522 

CACGTATGAG [G/C] ACATCCAGAC 

2 

( 1) 

12 

(10) 

Asp -> His 


.21 

1740 

TGCATTCTTT [T/C] GGAACTCAAT 

11 

( 6) 

2 

( 2) 

3' UT 


.25 

1850 

GGAGGGCGGT [C/T] GGTGCTTCCC 

21 

(13) 

2 

( 2) 

3' UT 


.29 

1942 

TGACCTATCAtA/G] AGCCTCCCGG 

16 

(11) 

6 

( .5) 

3' UT 


.35 

2029 

CCAAGGAGCG [C/A) GCTCCACGCG 

13 

(10) 

2 

( 2) 

3 • UT 

1099 

.36 

7590 

TGGTTTGAGA [G/C] CTGGCGCTAC 

12 

(11) 

6 

( 4) 

3" UT 


.37 

7591 

GGTTTGAGAG [C/G] TGGCGCTACC 

9 

( 8) 

6 

( 4) 

3' UT 


.44 

7705 

ATGGATCTGA [C/T] CCCTGTCAGA 

13 

(12) 

9 

( 8) 

3 ' UT 


. U J. 

215 

ATTCCTCAGT [C/T] CTTCATGATG 

63 (36) 


9(9) 

Ile->Val 


. 02 


Nucleotide repeat 

66(35) 



3 1 UT 

1100 

.16 

3865 

ATTGGGTCCTtC/G] AGCCTTCTGG 

4 

( 3) 

4 

( 3) 

3' UT 


.17 

3904 

GGACAAAGCC [T/C] TTTCATCTGA 

2 

( 2) 

4 

( 3) 

3 ' UT 


. 19 

3994 

GGTGGAGTTC [T/C] TCCATGCAGG 

6 

( 6) 

6 

( 5) 

3 1 UT 


. 22 

4046 

TATCCGAGGT [G/T] CTGCCGGGGC 

6 

( 6) 

5 

( 5) 

3 ' UT 

1102 

. 29 

1967 

TAACTTGGGT [T/G] TGAAAAAAAT 

2 

( 1) 

25 

(20) 

3 1 UT 


3 0 

1982 

AAAAATAAAA [T/G] TCCTAAATTT 

2 

( 1) 

24 

(20) 

3 ' UT 


.31 

1991 

AAAAATAAAATTCCTAAAT [T/C] T 

2 

( 1) 

21 

(17) 

3' UT 

1105 

.15 

2038 

GGGCCTGCCT [O/C] TGAGTGGTGC 

3 

( 3) 

6 

( 6) 

3' UT 

1109 

.4 

884 

AGCTTGCCTG (C/T) TTCAGCAAAA 

4 

( 4) 

2 

( 1) 

3- UT 

1110 

.11 

6466 

CTGATGCAGA [T/C] TCTTGTCTTG 

5 

( 5) 

5 

( 5) 

3' UT 

1111 

.8 

794 

AAGACGGCTA [T/C] GAGTTCTTTG 

2 

( 1) 

7 

( 6) 

Silent 


.15 

1087 

CTGCCATGCT [G/T] GGGGGGGGTC 

a 

( 5) 

4 

( 4) 

3' UT 


.16 

1110 

CCCGACCCCT [ A/C) AGGCCCACCT 

3 

( 1) 

18 

(17) 

3 ' UT 


.17 

1146 

GAGCCTTGGT [G/T] TATTTTTCTT 

22 

(18) 

4 

( 4) 

3' UT 

1114 

.18 

540 

ATGCTACCTA (C/T] CGGGAAGGCA 

29 

(16) 

2 

( 2) 

Silent 


.20 

585 

TCACTGCCAA [T/A) GCTCTCGCTT 

22 

(15) 

6 

( 4) 

Asn -> Lys 


.21 

586 

CACTGCCAAT [G/T] CTCTCGCTTT 

16 

(12) 

6 

( 4) 

Ala -> Ser 


.27 

704 

CCCAAATTCG (C/T] CGTTGCCACT 

20 

(14) 

3 

( 3) 

Ala -> Val 


.01 

177 

GAACAACCAC (T/C] GGGTCCTACA 

70 (36) 


2(2) 

Silent 


.02 

328 

ACTOAATGAG (C/G) CTCCACTGGT 

71(36) 


1(1) 

Pro->Ala 
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1115.2 77 ACTGCCGCAG (O/A) AATGCCGTCT 13 ( 9) 4(1) Silent 


WO 98/41648 


183 / 214 


PCTAJS98/05419 


Target Loc'n Sequanca around # Varia 1 # Varia 2 Protein 

10 [polymorphiaa] (Lib) (Lib) Change 



5 

130 

CTTCCAAAGG tT/C) CCGGAAAACT 

8 

( 7) 

14 

( 4) 

Val -> 

Ala 


15 

643 

TTCAACGACC [T/C] GGGCTCCGGA 

11 

( 8) 

2 

( 1) 

Leu - > 

Pro 

• 

16 

732 

CAAGAAGGGG [A/C] CCAGGCTTGG 

12 

( 7) 

4 

( 2) 

Thr -> 

Pro 

1116. 

2 

121 

CGGACCGTCC [T/A] GACTACAGTT 

2 

( 1) 

4 

( 4) 

Silent 



3 

173 

CCGGGGAATG [A/C] AGCCCACAGA 

2 

( 1) 

5 

( 5) 

Lys -> 

Gin 

1117. 

1 

15 

CCTGCAGCCC [T/C] GGCCTTCCGC 

10 

( 7) 

4 

( 3) 

5' UT 



2 

16 

CTGCAGCCCT [Q/T] GCCTTCCGCC 

10 

( 7) 

4 

( 3) 

5' UT 



5 

19 

CAGCCCTGGC [C/T] TTCCGCCACC 

10 

( 7) 

2 

( 2) 

5' UT 



19 

401 

TGGCAGCCTT [G/T] GCCAAGGCCC 

12 

( 7) 

8 

( 4) 

Leu -> 

Phe 


01 

1287 

GCCATGCACT (C/G] ACCAACGCCA 

65(36) 


7 (7) 

Ser->Val 


02 

3385 

TTGCCTGGAC (G/A) TTGGCCTGCG 

70(36) 


2(2) 

3'UT 


1118. 

5 

1681 

GACATGGTTG [G/A] TTATGCACAA 

6 ' 

( 5) 

2 

( 1) 

Val - > 

Asp 


28 

2945 

ATGATTAAGG [A/G] CCAGAGGATC 

I 

/ c\ 
\ o) 

7 

( S) 

3 ' UT 

1119, 

,11 

1075 

TCACAAATTA [G/A] GCCACGGCCC 

3 

( 3) 

3 

( 3) 

3' UT 


1121. 

,17 

1524 

CATCCGTTGC [A/G] TATGGCTGCA 

3 

( 3) 

2 

( 2) 

Silent 



. 23 

1669 

TGCACGTCTG fG/Cl CCAATATTGA 

6 

( 6) 

3 


Ala -> 

Pro 


.27 

1902 

GACAGACTGG [G/A] AAAATATTGA 

2 

( 2) 

20 

(17) 

Gly -> 

Glu 

1123 

,9 

2485 

CCTGATATGA [A/C] TGTTACTAAA 

5 

( 5) 

4 

( 4) 

Aan - > 

Thr 


.17 

2807 

TTGACATAAC [T/C] ATCTTTTTGA 

4 

( 3) 

3 

( 3) 

3' UT 


1124 

.2 

119 

TCTTATCGGA [G/A] CTTGTATGTG 

2 

( 1) 

3 

( 3) 

5' UT 



.7 

3616 

TACTCCATAC [G/T] CACTTCAAGC 

2 

( 1) 

5 

( 3) 

Ala -> 

Ser 

1127 

.2 

4 

TGCAAAAIG/A] CGCAGGATCAAGG 

13 

( 8) 

2 

( 1) 

Ala -> 

Thr 


.15 

75 

TCAACATCTG [T/C] GTTGGGGAGA 

22 

(14) 

2 

( 1) 

Silent 



.34 

339 

AGGAACACAT [T/C] GATCTGGGTA 

2 

( 2) 

31 

(16) 

Silent 


1126 

.9 

483 

AAATAAAAAAAAA [A/C] AAAACCC 

4 

( 3) 

4 

( 3) 

3' UT 



.10 

484 

AAATAAAAAAAAAA [ A/T] AAACCC 

4 

( 3) 

4 

( 3) 

3' UT 


1130 

.7 

248 

CCCCCTGCGG [G/T] TGAAGAACTT 

25 

(12) 

9 

( 4) 

Val -> 

Leu 


.11 

320 

GGAATACCGG [G/T] ACCTGACCAC 

26 

(12) 

2 

( 1) 

A3p - > 

Tyr 


.13 

364 

ACCGAGACAT [G/T] GGTGCCCGGC 

IS 

(10) 

3 

( 2) 

Met -> 

lie 


.16 

377 

TGCCCGGCAC [C/G] GCGCCCGAGC 

16 

( 6) 

4 

( 3) 

Arg -> 

Ala 


.19 

421 

TGGAGGAGAT [C/T] GCGGTCAGCA 

12 

( 7) 

2 

( 1) 

Silent 


1131 

.12 

502 

TGGCTGACCA [G/A] GCTGAGGCCC 

18 

(13) 

2 

( 2) 

Silent 


1133 

.20 

279 

CTGAGTCTGC [C/T] ATGAAGAAGA 

41 

(IB) 

2 

( 1) 

Silent 



.35 

517 

CCTAATTCTG [A/G] ATATATATAT 

19 

(12) 

4 

( 2) 

3' UT 


1135 

.22 

301 

AAAACAAGAC [T/G] GGGGCTGCTC 

38 

(20) 

8 

( 4) 

Silent 



.23 

343 

CGGGCTACTA [C/T] AAAGTTCTGG 

40 

(16) 

4 

( 2) 

Silent 



.32 

438 

AAGAGTGTTG [O/A] GGGGGCCTGT 

32 

(IB) 

2 

( 2) 

Gly -> 

Ser 


1 

13 

CGCCGCTGCG [G/A] AGGGAGCCGC 

9 

( 9) 

10 

( 6) 

5' UT 


16 

190 

GGAGCCGGCA [G/A] CCGACGGCAA 

31 

(21) 

5 

( 4) 

Ala -> 

Thr 

18 

197 

GCAGCCGACG [G/C] CAAAGGTGTC 

32 

(23) 

5 

( 5) 

Silent 


19 

198 

CAGCCGACGG [C/A] AAAGGTGTCG 

21 

(16) 

8 

( 5) 

Ala -> 

Glu 

23 

243 

GCCAGCGGAA [G/C] CCTGCCACCT 

31 

(20) 

5 

( 5) 

Lys -> 

Asn 

24 

244 

CCAGCGGAAG [C/G] CTGCCACCTC 

31 

(20) 

5 

( 5) 

Pro -> 

Ala 

25 

245 

CAGCGGAAGC [C/T] TGCCACCTCC 

31 

(22) 

6 

( 3) 

Pro -> 

Leu 

29 

283 

CAACAAGAAT [G/C] CTCGCGCCAC 

26 

(IB) 

5 

( 5) 

Ala -> 

Pro 

30 

284 

AACAAGAATG [C/G] TCGCGCCACG 

26 

(IB) 

5 

( 5) 

Ala -> 

Val 

32 

286 

CAAGAATGCT [C/T] GCGCCACGCT 

31 

(22) 

2 

( 2) 

Arg -> 

Cys 

41 

387 

TCCTGCGCAC IO/C] CAGAAGCCTG 

2 

( 2) 

19 

(14) 

Silent 
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ID [polymorphism] (Lib) (Lib) Change 


1137. 

1 

3 

CTTCCTTC [G/TJ AGGAGGTGGCAG 

2 

( 2) 

3 

2) 

5' UT 



15 

331 

GTGCCGAGAT [C/T] GCTCACAATG 

22 

(12) 

4 

2) 

Silent 



23 

419 

CAATGCCAGG IC/uJ TGCGCAGTGA 

13 

( 9) 

3 

2) 

Leu - > 

Val 


25 

488 

TAAAAACTGC [C/A) ATCTGGCATC 

8 

( 8) 

4 

4) 

3' UT 


1138 

8 

78 

AGGAGGAGCT [G/T] CTGAAACAGC 

30 

(17) 

2 

2) 

Silent 



14 

127 

GCTGCGCGTC [G/A] CCAAAGTGAC 

31 

(15) 

2 

2) 

Ala - > 

Thr 


24 

354 

AGCAGCAGCG [G/T] AAGGAGCGGC 

28 

(16) 

2 

2) 

Silent 


1139 

21 

334 

TTCCGAAGCA [A/G] TCTTCCTGCT 

33 

(20) 

3 

1) 

Asn - > 

Ser 

1140 

3 

17 

CCGCTGCTCG IC/A] CATGTCTTCT 

'22 

(15) 

3 

2) 

5' UT 



20 

341 

AATATGTAAG [G/A] CCTTTCTTTT 

32 

(16) 

2 

2) 

3' UT 


1141 

5 

201 

ATCAGACTAG (A/T) GCTGAGTCTT 

2 

( 1) 

11 

5) 

Arg -> 

Ser 


7 

346 

GCGCCGTTGG [C/A] ATCGTAGAGT 

4 

( 3) 

3 

2) 

His -.- 

Asn 


18 

1071 

GGATAAGGCA [G/A] CTGCTGCAGC 

5 

( 4) 

6 

3) 

Silent 



21 

1376 

TGTTATACAGGCAGTGA [G/A] AAA 

14 

(10) 

5 

( 4) 

3 ' UT 


1142 

13 

556 

CTTGTGACTG [A/G] CCTCTGGTCC 

8 

( 7) 

3 

( 3) 

Asp - > 

Ala 

1143 

17 

470 

ATCTACAAGC [G/T] TGGTTATGGC 

32 

(20) 

2 

( 2) 

Arg - > 

Leu 

1144 

1 

211 

GCCGCGGCGC [G/C] CCCCTCGCCA 

7 

( 5) 

4 

( 4) 

Silent 



5 

286 

CCGCCGAGGG [C/A] ATTCACACGG 

11 

( 9) 

5 

( 4) 

Ala -> 

Glu 


e 

2B7 

CGCCGAGGGC [A/T] TTCACACGGG 

15 

(13) 

4 

( 3) 

lie -> 

Phe 


17 

494 

TGTGAAGCTG [C/T] CCTCCGGCTC 

9 

( 8) 

2 

( 2) 

Pro - > 

Ser 


26 

700 

ACCAGCACAT [C/T] GGCAAGCCCT 

24 

(18) 

2 

( 2) 

Silent 


1145 

18 

395 

GTGAAAAATA [C/T] ATCCGCAGGG 

21 

(14) 

7 

( 7) 

Silent 



20 

405 

CATCCGCAGG [G/T] TTCGGATGAG 

27 

(20) 

2 

( 2) 

Val -> 

Phe 

1146 

16 

276 

TGTTTGCAAA [G/T] GCCCTGGCCA 

16 

(12) 

3 

( 3) 

Lys - > 

Asn 


ie 

285 

AGGCCCTGGC [C/A] AACGTCAACA 

13 

(10) 

5 

( 5) 

Silent 



22 

340 

ACCTGCTCCA [G/C] CAGCTGGTGC 

16 

(12) 

3 

( 3) 

Ala -> 

Pro 


23 

341 

CCTGCTCCAG [C/G] AGCTGGTGCT 

15 

(12) 

3 

( 3) 

Ala -> 

Glu 


.25 

343 

TGCTCCAGCA [G/A] CTGGTGCTGC 

17 

(12) 

2 

( 2) 

Ala -> 

Thr 

1147 

.22 

324 

GAGACTGGCA [G/A] GCCTCGGCCT 

7 

( 5) 

3 

( 3) 

Arg - > 

Lys 

1148 

.29 

390 

TCGGTGACAT [C/T] GTCACAGTGG 

33 

(17) 

3 

( 2) 

Silent 


1149 

.14 

174 

GAACCGGGGC [C/G] TGCGGCGGAA 

14 

(12) 

3 

( 2) 

Leu - > 

Val 


. 22 

414 

LulAAAbUAl IQ/ TJ o(-U\jvjUV.L.uO 

23 

(20) 

4 

( 3 ) 

Ma - > 

Cy s 

1150 

.20 

257 

CTCAAAGACC [T/C] GGAAAAATGG 

42 

(19) 

2 

( 1) 

Leu - > 

Pro 


.34 

435 

CCTCATGGAC [T/A] AAAAAAAAAA 

7 

( 6) 

4 

( 3) 

3' UT 


1151 

.13 

312 

TCCAAAGCCC [T/C] GGTGGCCTAT 

33 

(16) 

6 

( 1) 

Leu - > 

Pro 


.14 

313 

CCAAAGCCCT [G/T] GTGGCCTATT 

33 

(16) 

6 

( 1) 

Silent 



.16 

346 

TGGATGAGGC [T/C] TCCAAGAAGG 

34 

(16) 

2 

( 1) 

Silent 



.22 

439 

AGTTTGGAGG [C/T] CCTGGTGCCC 

20 

(14) 

6 

( 4) 

Ala -> 

Val 


.25 

517 

TAATAAACAG [T/A] TTTTGAGGGA 

23 

(15) 

3 

( 1) 

3 ' UT 


1152 

.15 

131 

GCGCGTGTGC (G/A) AGGAGATCGC 

34 

(18) 

3 

( 2) 

Ser - > 

Lys 


.19 

160 

CCAGCAAAAA [G/C] CTCCGCAACA 

31 

(18) 

6 

( 4) 

Lys -> 

Asn 


.20 

161 

CAGCAAAAAG [ C/G] TCCGCAACAA 

29 

(16) 

5 

( 3) 

Leu -> 

Val 


.24 

184 

TAGCAGGTTA [C/T] GTCACGCATC 

20 

( 9) 

22 

(15) 

Silent 



.31 

379 

CCAACCTTCA [G/A] GTCACTCAGC 

36 

(23) 

2 

( 2) 

Silent 



1154.8 119 GGGCACAGCC [C/T] TAAAGGCCAA 17 ( 9) 3(2) Silent 
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Target 

Loc 

' n Sequence around # Varia 

1 

# Varia 2 

Protein 



IP 


[polymorphism] (Lib) 


(Lib) 

Change 




33 

477 

TAGTAATAAA IT/CJ TTTCATATGC 

21 

(IS) 

2 

( 2 ) 

3' UT 


1155. 

6 

64 

TATTCTCCGA [G/C] CTTCGCAATG 

29 

(19) 

3 

( 3) 

5' UT 



7 

65 

ATTCTCCGAG [C/G] TTCGCAATGC 

25 

(17) 

3 

( 3) 

5 1 UT 


1157. 

3 

75 

TGGGCAGGAC [C/G] GGTTCTCAGG 

18 

(11) 

3 

( 3) 

Silent 



12 

290 

GTCTGTCACA [A/G] TCTGCTCCTT 

28 

(12) 

11 

( 7) 

3' UT 


1158 . 

4 

55 

CGAAAATTCG [G/A] CCAGGGTTCT 

36 

(20) 

2 

( 1) 

Ala -> 

Asp 

1159. 

2 

68 

AGCACCAGCG [G/T] TGGCAGAGAC 

24 

(14) 

2 

( 1) 

Val -> 

Leu 


7 

199 

ACAGTGCAGG [G/A] CGGTATGCCG 

16 

(10) 

5 

( 3) 

Gly -> 

Glu 

1160. 

10 

124 

TCAGGGAGCT [G/A] AATATTACGG 

28 

(18) 

2 

( 1) 

Glu -> 

Lys 


15 

166 

GTGGTGGTCG [G/A] AAAGCTATCA 

28 

(17) 

2 

( 2) 

Glu -> 

Lys 


17 

229 

TCCAAGTCCG [C/G] CTAGTACGCG 

2 

( 2) 

29 

(19) 

Pro -> 

Ala 

1161. 

8 

263 

AAGGCAACGC [C/T] CTGCTGCGGC 

30 

(16) 

2 

( 2) 

Silent 



9 

264 

AGGCAACGCC [C/T] TGCTGCGGCG 

22 

(14) 

9 

( 9) 

Silent 



11 

283 

CGGCTGGTCC [G/C] ATTGGGGGTG 

13 

( 9 ) 

4 

( 4) 

Axg • > 

Pro 

1163 . 

8 

1522 

GTACTTCCTC [G/T] TCCTCATGCC 

2 

( 2) 

5 

( 1) 

Arg - > 

Leu 

1165 . 

, 1 

97 

CCACGACCGT [G/C] GCTATCTGGT 

3 

( 3 ) 

2 

( 2) 

Ala ~ > 

Ax3 


,4 

180 

GTGAGGGGCG [G/T] CCGCGGCGCA 

4 

( 3) 

4 

( 2) 

Silent 



.7 

273 

CCAAGGTGGG [C/A] ATCAAGACCA 

10 

( 7) 

4 

( 3) 

Ala -> 

Glu 


,8 

274 

CAAGGTGGGC [A/T] TCAAGACCAT 

20 

(12) 

3 

( 2) 

He -> 

Phe 


, 13 

429 

AGCAGGAGCT [G/C] CTCATCAACA 

8 

I ' ) 

5 

( 4) 

CJ 1 Ant- 



. 14 

430 

GCAGGAGCTG [C/T] TCATCAACAT 

5 

( 5) 

8 

( 5) 

Leu - > 

Phe 


.29 

901 

CCCCCAGAGG [G/A] AGGTCACCTG 

13 

(10) 

4 

( 3) 

3 ' UT 



.35 

1007 

GCTTCCTCCT [G/T] GGCCCTCAAT 

6 

( 5) 

4 

( 4) 

3 ' UT 



.38 

1189 

GATGTTTTGA [ C/G] GAAATAAATT 

2 

( 2) 

7 

( 6) 

3 * UT 


1170 

.2 

410 

ATTGCGAATC [G/C] TTAGATATCC 

2 

( 2) 

2 

( 2) 

Val -> 

Leu 

1171 

. 27 

2823 

AAGAGATGAA [A/T] AAAAAAAAAA 

8 

( 6) 

4 

( 4) 

1 • TFT 


1172 

.15 

1519 

CTCTAGTGTT [G/C] AGGGATGTAG 

7 

( 7) 

2 

( 1) 

3 ' UT 




1784 

CAGGTCTTAA [T/C] GCCTCCATAC 

3 

( 3) 

2 

( 2) 

"X 1 TTT 



.25 

2423 

GAGAGACTGG (T/A) GGGTCTGTCT 

7 

( 6) 

5 

( 4) 

3 ' UT 


1173 

.12 

4730 

AGTAGGTAGG [G/T] CTAGTAGGTA 

6 

( 6) 

2 

( 1) 

3> UT 



.01 

981 

GCAGCCCCAQ [T/C] GCACCTGAGC 

24 (18) 

48 (30) 

Silent 



02 

1041 

ACAT CAAGAG [A/G] TACCTGGGCG 

71 (36) 

1(1) 

Silent 



.03 

2400 

AGCTGAGTGC [C/T] GCCACCACCT 

71 (36) 

1(1) 

Silent 



. 04 


4 bp dc 1 c t i on 








.05 

2567 

CTAGATAGCA [A/G] ATAGCTCTCA 

71 (36) 

1(1) 

3 'UT 



.06 

2888 

CCCAAGCTGC [C/T] TCATGGCCCG 

63 (36) 


9(9) 

3 'UT 


1174 

.24 

3200 

TGTTGACAGG [G/C] TTTTTAAGAA 

10 

( 8) 

2 

( 2) 

3' UT 



.27 

3302 

TCTGCCCAAGC [A/C] AAAAAAAAA 

5 

( 3) 

3 

( 2) 

3' UT 


1176 

.13 

2571 

GAGGCTTTGC [C/T] TTGCCTGCAT 

6 

( 4) 

3 

( 3) 

3" UT 


1177 

.18 

1684 

CTCTTCCCCC [T/C] AAAAATGGTA 

13 

(10) 

3 

( 3) 

3' UT 



.21 

1864 

GTTAGCTTTA [A/G] AAAAAAAAAA ■ 

5 

( S) 

3 

( 3) 

3 ' UT 


1181 

.8 

678 

TACCAAAGCA [G/A] GGGTTCCCCA 

10 

( 7) 

2 

( 2) 

Arg -> 

Lys 

1183 

.18 

1719 

CTTCCTGCTC [G/A] ACTGAAAAAA 

14 

( 9) 

2 

( 1) 

3 ' UT 



.21 

1799 

TGGCTTTCAG [G/C] CCTGGCCTTT ■ 

15 

(10) 

5 

( 4) 

3 ' UT 
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1184.14 2292 GCCTAAATGT [G/T] TGAAGTGCGA 30 (18) 2(2) 3 ' UT 


1186.7 1337 GGGAGAGGTG [A/0] CCCTGAGGGA 2(1) 4(3) 3 1 UT 


1188.7 1601 AGTCATCTGA {G/A] GTTATGCTTT 4(3) 2(1) 3 ' UT 
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Target Loc'a Sequence around # V&ria 1 # Varia 2 Protein 


ID 


[polymorphism] (Lib) 


(Lib) 

Change 


1189. 

13 

1270 

CGGAAAGGAA [G/A] CGTTGGCAGC 

11 

I 9) 

3 

( 2) 

3' UT 


IS 

1341 

AGCCCCAGGG [A/G] CCAATTTTCC 

14 

(12) 

2 

( 1) 

3' UT 

1190. 

5 

1010 

GGGGTTGGGC IG/TJ GGTTCCTTTG 

2 

( 2) 

3 

( 3) 

3' UT 

1193. 

1 

79 

CTCTCCCCTC [C/G] AATCCTATCC 

5 

( 5) 

2 

( 2) 

5' UT 

1196. 

23 

2123 

TATGTTTTCC [T/CJ ATGCAATAGT 

19 

(14) 

2 

( 2) 

3' UT 

1198. 

29 

2395 

TGGCAAAGTC [T/Cl GAAATAGGTC 

20 

(15) 

4 

( 2) 

3' UT 

1199. 

.3 

1012 

AGATTCAGAA [ C/T ] ATGGTGGGGA 

3 

( 2) 

2 

( 2) 

Silent 


,13 

1460 

TGAGAACACC [G/C] CGCAGCGTGA 

8 

( 7) 

2 

( 2) 

3' UT 

1202. 

,7 

671 

ACCATAACTT [T/C] TTTTTAAGGA 

13 

( 7) 

11 

( 6) 

3' UT 

1205 . 

.1 

942 

GGAGAAAATT [G/A] AAGAATATCT 

13 

( 6) 

2 

( 1) 

Glu -> 

1206, 

,3 

740 

ACATCACAAA [A/G] CAACCTGTGG 

3 

( 3) 

2 

( 1) 

Silent 

1208. 

.3 

1984 

TATTCCGTAC [G/A] TACAATGCCT 

2 

( 1) 

2 

( 2) 

Silent 


,15 

3163 

AATTTTTTTT [T/C] TTTTTAATTA 

2 

( 1) 

15 

( 6) 

3' UT 

1214. 

.9 

1566 

GCATCCTGGA [C/T] AGCAACAAGA 

5 

( 3) 

2 

( 2) 

Silent 

1216 

. 8 

202 

AGCGGAGCGC [C/G] TCCCGGGACA 

5 

( 4) 

3 

( 2) 

Silent 

1217 

.3 

2545 

GCCTCTCGGC [C/T] TTTCTCCACG 

5 

( 3) 

2 

( 1) 

Silent 


.5 

2688 

GCCGTGTGCC [C/A] ATGCTACCCT 

12 

( 6) 

3 

( 3) 

3' UT 

1218 

.10 

2757 

GCAGGCTGCC [C/T] TTTAGAGAGG 

4 

( 2) 

2 

( 1) 

Silent 


.01 

1100 

GATGTCAGTG [G/C] CCCCATGCCC 

71(36) 


1(1) 

Gly->Si 


.02 

1287 

GCCATGCACT [C/G] ACCAACGCCA 

71 (36) 


1(1) 

Silent 


.03 

3385 

TTGCCTGGAC [G/A] TTGGCCTGCG 

71(36) 


1(1) 

Silent 

1221 

.20 

1893 

TGGAGCCTTC [G/T] GCTGGAAGTC 

9 

( 7) 

3 

( 2) 

3 1 UT 

1222 

.30 

2797 

CACAAACCCA [A/G] TTGTAAATAA 

14 

(11) 

2 

( 1) 

3' UT 

1223 

.3 

2813 

AAGCAGGAGG [C/T] TAAGAAAGTG 

13 

(10) 

2 

( 1) 

N/D 


. 9 

3662 

GGACCGCAGT [C/T] CAGCATTTGT 

2 

( 2) 

2 

( 1) 

N/D 


.10 

3727 

TAAACTGAAG [T/A] GTGTTTTTCC 

4 

( 4) 

3 

( 2) 

N/D 


.15 

3855 

ACGTCCCAAC [G/A] AAGAGACCAC 

24 

(19) 

2 

( 2) 

N/D 


.16 

4110 

CACCTTGGTG [G/A] AGAACAAGAA 

20 

(17) 

2 

( 2) 

N/D 


.20 

4155 

CGACGTGGAT [C/T] CCATCGAGGT 

21 

(17) 

2 

( 2) 

N/D 


1224.13 1739 GCAGAGCCAC [C/A] AGGGAAAAGT 2(2) 2(2) 3 ' UT 

.17 1936 CCTCTTCTAA [T/C] CTCAAGGGTC 3(2) 8(7) 3 ' UT 

.21 2061 GCGAGTGAGT [G/T] GAGAGCCAGC 15 (11) 17 (13) 3" UT 

.22 2079 AGCTCTGCGG [A/G] GTCATCACGC 15 (11) 17 (13) 3' UT 


1227. 

.9 

1107 

AGAAGGTGAA [C/A] CCCCTGGGGG 

9 

( 6) 

4 

( 

3) 

Asn -> 

Lys 


,16 

1207 

TGGGAAGAGG [G/C] CATACGGAGT 

20 

(14) 

2 

( 

2) 

Ala -> 

Pro 

1229, 

,18 

1919 

ACTCCGTGCG [C/T] AATGCCGTCA 

4 

( 3) 

2 

( 

1) 

Silent 


1235. 

.11 

1194 

TAGCCGCCAG [G/A] ATTGCCATGA 

18 

(12) 

2 

( 

2) 

Asp -> 

Asn 

1238 

.14 

1133 

AGAACCTGAA [G/A] GCTGCGCAGG 

6 

( 4) 

2 

( 

2) 

Silent 



.17 

1298 

AACAACTCCA [G/A] GCCCTGCCCC 

8 

( 6) 

2 

( 

1) 

3' UT 



1239.13 1289 ACTTTTCCTC [T/C] AATCCTGGAA 11 ( 5) 7(4) 3 • UT 
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.14 1292 TTTCCTCTAA [T/C] CCTGGAAATT IS ( 7) 


2 ( • 2 ) 3 ' -UT 
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Target 

Loc 

' n Sequence around # Varia 

1 

# Varia 2 

Protein 



ID 


[polymorphism] (Lib) 


(Lib) 

Change 



1241. 

13 

1802 

AATTAAAGTTTTTCTTC [C/T] ATG 

10 

( 7) 

2 

( 

2) 

3' UT 


1242. 

18 



13 

(11) 

2 

/ 
\ 

0 \ 
£ I 

3' UT 


• 

20 

3328 


7 

( 7) 


I 
\ 

"1 \ 
J 1 

3' UT 


1243 . 

5 

134 

GAACGCAGTG (G/A] ATGCCTTTCG 

4 

( 4) 

3 

( 

3) 

Asp - > 

Asn 


5 

184 

TGCGCAGCCC [C/G] GTCACCAACA 

7 

( 7) 

3 

( 

2) 

Silent 



7 

185 

GCGCAGCCCC (G/T] TCACCAACAT 

7 

( 7) 

4 

( 

2) 

Val -> 

Phe 


24 

1528 

CGGTGGAGCA IG/A] CCCCTGGGCT 

10 

( 8) 

3 

( 

2) 

3' UT 



31 

1789 

TACACGTGTT IG/AJ CTTCGTCCAG 

14 

( 9) 

2 

( 

2) 

3' UT 



32 

1790 

ACACGTGTTG [C/A] TTCGTCCAGT 

16 

( 9) 

8 

( 

7) 

3' UT 


1246. 

6 

1512 

ATCCCGGAGG [G/T] TCACTCTGAA 

2 

( 2) 

2 

( 

1) 

Val -> 

Phe 


9 

1958 

ACGTTTTAAC [A/GJ TAGTAAATCC 

3 

( 3) 

6 

( 

6) 

3' UT 


1247. 

,6 

517 

GCGGACAGTA [C/T] ATTGCCATTG 

2 

( 2) 

2 

( 

2) 

Silent 


1248. 

,4 

164 

TGATGTCCCC [C/T] TTCGACCCGT 

4 

( 3) 

2 

( 

2) 

Silent 



,5 

172 

CCCTTCGACC [C/A] GTCGGGTTTG 

2 

( 1) 

3 

( 

3) 

Pro -> 

Gin 


,11 

815 

AGCACAGCCC [C/T] TCTACCAGGG 

13 

( 7) 

2 

( 

2) 

Silent 



124 9. 

1 

50 

ACCGCCTGCG [G/A] AGTAACTGCA 

4 

( 3) 

2 

( 2) 

5' UT 



26 

1800 

TTGTAAAAGG [G/T] TTACTCTCAT 

26 

(16) 

2 

( 1) 

3' UT 


1250. 

1 

353 

GCCCCGCCAG [G/A] ATTAACACAG 

3 

( 2) 

2 

( 2) 

Silent 


1251. 

11 

1070 

CCGCCAACGG [C/A] AACATCGACC 

2 

! 1) 

4 

( 2) 

Ala -> 

Glu 


18 

1974 

CTGGGAAATG [C/A] GGGACTGGAA 

2 

( 1) 

2 

( 2) 

3' UT 


1253 . 

7 

673 

GCCAGGTGGT [G/C] CAGATCCCTG 

2 

( 2) 

2 

( 1) 

Silent 



. 11 

1620 

GCCTATGTCG [G/A] CGACGTCCAC 

2 

( 2) 

2 

( 1) 

Ala -> 

Asp 


, 13 

1672 

ACACCAAGAC [C/T] ATGGAGCTGC 

2 

( 2) 

2 

( 1) 

Silent 



16 

3427 

TCGACCACGC [G/A] GAGCGGGAGC 

2 

( 2) 

2 

( 1) 

Silent 



.21 

3848 

GACCCCGCTG [C/T] CACCCGCTTT 

2 

( 2) 

2 

( 1) 

3" UT 


1255. 

.11 

895 

TCAAATGAAT [C/G] AACCACCTGG 

2 

( 2) 

2 

( 1) 

Gin -> 

Glu 


.23 

1729 

TCATTTTTCT [A/G] TATAGGCTGC 

2 

( 2) 

17 

( 8) 

3 ' UT 



.24 

1731 

ATTTTTCTAT [A/G] TAGGCTGCAC 

2 

( 2) 

17 

( 8) 

3" UT 



.27 

1801 

TTTCCAATAAAATC [G/A] GAATTC 

3 

( 2) 

3 

( 3) 

3' UT 


1257 

.11 

674 

AACAAGAACA [C/T] ATGATAAATT 

9 

( 6) 

2 

( 1) 

Silent 



.19 

9S4 

GTGAGAGAAC [G/C] AAATCTCTAT 

21 

(14) 

3 

( 2) 

3' UT 



.20 

955 

TGAGAGAACG [A/C] AATCTCTATC 

19 

(14) 

3 

( 2) 

3' UT 


1258 

.11 

329 

ATCACAGCAA [A/G] AGAGAGGTTC 

22 

( 9) 

4 

( 1) 

Lys -> 

Arg 


.15 

3 57 

TCACTACCAAIC/T] CTGATCAATT 

24 

(10) 

6 

( 3) 

Silent 



.17 

422 

TCTGCCTTTT [C/T] TACCATGATG 

25 

(11) 

2 

( 1) 

Ser -> 

Phe 


.20 

533 

AGCTTCCTAA [G/A] TCAAGGCCAA 

27 

(13) 

2 

( 1) 

Ser -> 

Asn 


.32 

745 

GCTTCCAGAA [C/G] AGATCAAAAA 

17 

(10) 

2 

( 1) 

3' UT 


1261 

.6 

425 

CTGGCATCAT [C/T] GCCATCTACG 

9 

( 3) 

2 

( 1) 

Silent 



.20 

908 

CGCCCCTCCAtO/A] GCCCCCGGCG 

8 

( 3) 

3 

( 3) 

3 • UT 


1265 

.1 

46 

ACTCGAGCCT [G/A] CTGTTCACCG 

3 

( 2) 

2 

( 1) 

5" UT 



.19 

1023 

GGAGGGGGCA [A/O] ATGGTGGTTG 

2 

( 1) 

20 

( 7) 

3 • UT 


1266 

.1 

343 

CGCTGCGGAC [G/A] AAAAGGCCAA 

2 

( 2) 

3 

( 2) 

Glu -> 

Lys 


.7 

661 

AGCAGGTGAA (G/A) GGCATCGCTG 

7 

( 6) 

4 

( 3) 

3 • UT 



.9 

671 

GGGCATCGCT [G/T] CCCCAGGCCT 

10 

( 9) 

4 

( 3) 

3' UT 



.16 

865 

GTAGAGCACA [G/A] GGGTTTCCCC 

25 

(12) 

2 

( 2) 

3 ■ UT 
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Target Loc'n Sequence around # Varia 1 # Varia 2 Protain 

ZD [polymorphism] (Lib) (Lib) Change 


la£D / . 

X 4. 

1 TIC 



I *5 \ 

I 2 ; 

7 

5) 

3 ' 

UT 

1268. 

10 

6529 

TTCATCCTCMC/T] TCCCCACATC 

10 

( 6) 

2 

2) 

Thr -> lie 

1269. 

19 

1893 

CAACTTCAAC [C/G] TGGAGGTGCA 

12 

( 4) 

3 

3) 

3 " 

UT 


20 

1941 

TAAAAAGGTG I A/G J CTGTTTTATA 

12 

( 4) 

4 

4) 

3 • 

UT 

1270. 

11 

331 

TTGTCCTCAG [T/C] ACCTCTCCGT 

11 

( 9) 

2 

2) 

5' 

UT 

1271 

14 

949 

GGGTGTATTA [T/C] CCAGGTACTC 

18 

(11) 

5 

[ 1) 

3 ' 

UT 

1272 

10 

2678 

TGTTAAGGAA [C/T] GCTAGCAGGG 

3 

( 1) 

3 

( 1) 

3 * 

UT 

1273 

13 

3127 

AAAGGAAGTT [T/C] TCCTTTTGAA 

7 

( 2) 

10 

( 3) 

3 ' 

UT 

1274 

16 

2696 

ATATTTTTTC [A/O] TAATCTATAT 

7 

( 6) 

3 

! 2) 

3' 

UT 

1278 

7 

864 

AGTGTGACCC [G/A] GACTGCCTCC 

3 

( 1) 

2 

t 2) 

Silent 


32 

3897 

CCAGAACACG [G/C] CTCACGCTTA 

5 

( 3) 

3 

I 3) 

3 ■ 

UT 


33 

3898 

CAGAACACGG [C/G] TCACGCTTAC 

4 

( 3) 

4 

( 4) 

3 • 

UT 


34 

4013 

TGTTGTGTGT [A/G] TCGAGAGGCC 

10 

( 7) 

3 

( 2) 

3 ■ 

UT 

1280 

5 

1648 

TTAAGAGGAC [G/A] TAATGGGGTC 

14 

( 8) ■ 

4 

( 3) 

3 1 

UT 


15 

1957 

TAAAGATGATTGTGG [G/A] AATTC 

2 

( 2) 

9 

( 8) 

3 ' 

UT 

1282 

1 

2155 

TTTGGTGGGC [C/T] TACTTGGTGC 

7 

( 3) 

6 

( 1) 

3 ' 

UT 


2 

2283 

GTGTGGCGTA [G/C] GCAGTGGGTC 

13 

( 1) 

2 

( 2) 

3 ' 

UT 


9 

2799 

TTACATCACC [G/A] CCACTACTGC 

6 

( 3) 

2 

( 2) 

3 • 

UT 


10 

2824 

CAGTGCCCAG [T/C] GGCCGCATGC 

4 

( 1) 

3 

( 3) 

3 • 

UT 


13 

^jj / 


11 

t A \ 

\ 4 ) 

3 


3 ' 

UT 

1284 

1 

249 

CTGTCGACGA [T/C] CCCTACGCCA 

7 

( 7) 

4 

( 3) 

Silent 


6 

522 

GGGGCAGTGC [G/C] GTCATCTCCC 

5 

( 1) 

5 

( 4) 

Silent 


7 

523 

GGGCAGTGCG [G/T] TCATCTCCCT 

7 

( 4) 

4 

( 1) 

Val -> Phe 


10 

608 

GCCCTTGGGG [G/T] TTGCAGGCTG 

8 

( 7) 

2 

( 1) 

3 1 

UT 


20 

6S1 

GGGCTGGGGG [G/A] ATCCCAGCAG 

8 

( 8) 

2 

( 2) 

3 ' 

UT 

1286 

20 

5366 

GGCCATTGCC [G/A] CAGTCGCAGC 

12 

(11) 

2 

( 2) 

3 ■ 

UT 

1287 

.10 

864 

AGGGATGTTAGACGGAATT [C/G] C 

2 

( 2) 

4 

( 3) 

3 ' 

UT 

1289 

15 

885 

ATCATGTGGA [G/A] GGGCCAGAGG 

13 

( 9) 

2 

( 1) 

3' 

UT 


22 

1006 

GGCATTCCAG (C/G) TGAGACACTG 

21 

(10) 

5 

( 2) 

3 • 

UT 

1290 

.7 

929 

CCCTCACCCC [A/G] TCACGCCTCG 

3 

( 1) 

2 

( 2) 

3 • 

UT 


1291.5 1060 TCAACAAAAA [G/A] GGACAGGTAC 2(1) 2(1) Silent 

.8 2168 TAAGTACCAC [G/A] AGCAGCTGGG 2(1) 2(1) Ser -> Lys 

.12 4517 GCTGACAGAG [G/A] AGGAGGACTA 5(2) 2(1) Ser -> Lys 

.13 5114 CCAGCCTCCA [G/A] TGTACAACTT 4(1) 2(1) 3 1 UT 


1292 

11 

3547 

AGGCAAATTC [A/G] ATTTGAACAT 

7 

3) 

5 

( 3) 

3' UT 


20 

3888 

TGTGTGTGTG [T/G] GCTGTCGCTT 

11 

9) 

3 

( 3) 

3 ' UT 


21 

3889 

GTGTGTGTGT [O/T] CTGTCGCTTG 

11 

( 9) 

4 

( 3) 

3' UT 

1293 

10 

2480 

CATGCCTGTG [C/G] GTGCGCTTCC 

2 

( 2) 

3 

( 2) 

3" UT 


11 

24B1 

ATGCCTGTGC [G/C] TGCGCTTCCT 

4 

( 4) 

2 

( 1) 

3> UT 

1298 

20 

960 

TTCAGTGGGC [T/C] TTTCTGGCAG 

12 

( 8) 

2 

( 1) 

Leu -> 

1300 

7 

566 

AAGTGTACCT [T/O] GAATTCTTTG 

2 

( 2) 

4 

( 2) 

N/D 
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1301. 

12 

668 

CGCCCGGCTG [O/C] GCAAGGAGAT 

9 

( 5) 

3 

( 

1) 

Ala -> 

Arg 


30 

1058 

CAAGGTCTAT [G/C] CTGACGCCTC 

16 

7) 

3 

( 

2 ) 

Ala - > 

Pro 


31 

1059 

AAGGTCTATG [C/G] TGACGCCTCC 

13 

( 6) 

3 

( 

2) 

Ala -> 

Val 

1302 . 

7 

759 

ACAGGCCACA [T/G] CTGGACCATC 

2 

! 2) 

5 

( 

5) 

Ser - > 

Ala 


8 

806 

TATCAACTCC (C/T] GGACAACCCA 

2 

( 2) 

4 

( 

4) 

Silenc 



10 

866 

TTCGAAGAGT (T/C] ATTGCCAAGA 

4 

( 4) 

2 

( 

2) 

Silent 



17 

2000 

GAATTTAATA [G/T] GTACAGAAGT 

5 

( 5) 

4 

( 

4) 

3 ' UT 



19 

2158 

ACTTCTAAAG [C/A] AAGAGGATAA 

8 

( 7) 

9 

( 

9) 

3' UT 


1303 . 

5 

1226 

TGCTGTGCAC [A/G] TTGACTACAA 

6 

( 5) 

2 

( 

2) 

He -> 

Val 


15 

1624 

GATTATATAT [T/A] TTTTTTTCTG 

7 

( 5) 

3 

( 

3) 

3' UT 



21 

1813 

GTGCACTAAT [A/G] TGTAAGACAA 

9 

( 6) 

3 

( 

3) 

3' UT 



22 

1920 

TTAAATAGCT [C/T] TTTTCTCTGA 

2 

( 1) 

14 

( 

8) 

3' UT 



23 

2079 

TCTATAAACC [A/G] AACTGATGTA 

2 

( 1) 

16 

( 

9) 

3' UT 


1305 

12 

1434 

AATAAACTATAGTAGTGTT [T/A] T 

8 

( 8) 

5 

( 

4) 

3' UT 


13 OS 

14 

407 

TTTGATATTG [C/T] CTCTGGAACT 

2 

( 2) 

4 

( 

4) 

Ala -> 

Val 


21 

1021 

rrrriTTGCA [a/t] aaaactaaat 

2 

( 2) 

4 

( 

3) 

3> UT 


1309 

4 

466 

GCGGGCCGCC [T/C] GCTCTTGGAG 

5 

( 5) 

2 

( 

1) 

Leu - > 

Pro 


5 

494 

AGGAGTATGC [G/A] gctcgggccc 

4 

( 3) 

3 

( 

3) 

Silenc 


1312 

10 

492 

ACCCCTGGGG [G/A] AGTGCATCAT 

7 

( 6) 

3 

( 

3) 

Ser -> 

Lys 

1315 

13 

339 

AAGTTCCTCA [C/A] GCCCTGCTAT 

13 

(10) 

2 

( 

2) 

Thr -> 

Lys 


22 

766 

TCCTTTTTTA [A/0] AAAAAAAAAA 

8 

( 7) 

3 

( 

3) 

3 ' UT 


1317 

4 

1083 

GATAGATTAT [G/A] TATTCTTCCA 

3 

( 3) 

4 

( 

3) 

N/D 


1318 

.2 

183 

GGGAGCCTGC [C/A] AGGGTCCGCT 

12 

(11) 

3 

( 

3) 

Silent 


1322 

.12 

876 

TGACTCCACA [G/A] CCTCAGCCGA 

23 

(14) 

5 

( 

5) 

Ala -> 

Thr 

1326 

.5 

139 

GGCCTGGAAA [C/T] TTGCACAGTC 

5 

( 5) 

3 

( 

1) 

Leu - > 

Phe 


.12 

1339 

TAGGAAAGAC [G/A] TCGGCTTTCG 

5 

( 2) 

3 

( 

3) 

Val - > 

He 


.17 

2214 

TCCCCAGGGT [T/C] TTCTCATGGT 

2 

( 2) 

5 

( 

3) 

Silent 



.19 

2333 

ATTCTGAGGG [A/G] TATCCAGCAG 

4 

( 4) 

4 

( 

2) 

Asp -> 

Val 

1328 

. S 

2968 

CCTAAAAGTG [T/G] TTTTTATTTC 

6 

( 4) 

4 

( 

4) 

3 1 UT 


1330 

.13 

1526 

TTGATCATGA [G/A] ACATAGGTAT 

6 

( 3) 

2 

( 

1) 

3' UT 


1331 

.15 

1666 

ACAAGCACAC [C/G] TTAGAGGCTT 

2 

( 2) 

10 

( 

4) 

3' UT 



.24 

2009 

CTGCTGATGC [C/T] GTACCCTCAC 

13 

( 7) 

2 

( 

2) 

3' UT 


1332 

.5 

618 

AGCTGAACCC [O/C] GAGTCCTCCC 

2 

( 1) 

2 

( 

1) 

Silent 


1333 

.4 

89 

GAGCACAGCG [G/A] CATCTTTGGC 

7 

( 5) 

2 

( 

2) 

Ala -> 

Asp 


.10 

279 

CCGTGCAGGC [C/A] ATGAACCGCA 

5 

! 5) 

6 

( 

5) 

Silent 



.24 

756 

TGACCCCCGA [C/A] CCAGCCTCGC 

6 

( 6) 

7 

( 

6) 

3' UT 


1335 

.1 

331 

AGGGCTGGCC [C/T] TTGGAAGGCG 

4 

( 4) 

2 

( 

2) 

S> ut 



.13 

872 

AGCCAAGCCG [O/T] TCAAGGCATC 

7 

( 6) 

2 

( 

1) 

Val -> 

Phe 


.28 

2268 

GGAAAAGGGA [G/A] AAACTGAGCG 

6 

( 6) 

2 

( 

2) 

3' UT 


1336 

.6 

851 

GCCGCGAGGC [C/G] TGGTCTGAGC 

5 

( 5) 

11 

( 

5) 

3 ' UT 



. 7 

889 

GGTCCTCTCA [G/A] TCTTTCCCCT 

21 

(10) 

2 

( 

2) 

3' UT 



.15 

990 

TTGGCAACGG [C/T] CGTCGTCATG 

17 

(11) 

2 

( 

1) 

3' UT 
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1337 

12 

420 

GCAGTCATGC (C/G) GGGTGATCGT 

32 

(15) 

3 

( 2) 

3' UT 


1339 

17 

2972 

TATTAGTCCA [A/G] TGAGATTTCC 

12 

( 9) 

7 

( 4) 

3' UT 



20 

3146 

GTCGGACAGT [G/T) GCTCATAGAG 

6 

( 6) 

5 

( 4) 

3' UT 


1341 

3 

630 

CTCGTAAGGC [G/T] TCCGGTCCCC 

4 

( 4) 

6 

( 3) 

Silent 



4 

633 

GTAAGGCGTC (C/T) GGTCCCCCGG 

10 

( 9) 

4 

( 2) 

Silent 



17 

896 

AAAAAGGCGG (G/C) CGGAACCAAA 

22 

(14) 

2 

( 1) 

Silent 



29 

1107 

AGGCTGTGAA (G/A) CCCAAGGCCG 

13 

( 8) 

2 

( 1) 

Silent 


.32 

1195 

AAACCCAAAA [G/A] GCTCTTTTCA 

7 

( 5) 

5 

( 3) 

3>. ut 


XJ4 £. 

c 
D 

142 

GCGCCAAAGC [G/A] AAATCCCGCT 

XI 

( 9) 

3 


Silent 



•7 

/ 

227 

CGCAGAGCGG [G/T] TTGGGGCAGG 

4 

( 4 ) 

5 

( 4 ) 

Val - > 

Phe 


8 

271 

TGTTAGAGTA [C/T] CTGACCGCCG 

XI 

(11) 

4 

\ 4i 




10 

314 

CGCGGCTCGC [G/A] ACAACAAGAA 

8 

( 8) 

2 

( 2) 

Asp -> 

Asn 

1343 

17 

514 

GAACTCAAAA [G/A] GCTCTTTTCA 

7 

( 7 ) 

4 

( 4 ) 

3 ' UT 


1344 

.2 

149 

GAGCGCATCG [C/G] GGGAGAGGCT 

2 

( 2 ) 

2 


Ala - > 

Gly 

1345 

1 
. J 

360 

GGCGCGGTGG [G/C] GTCAAGCGCA 

3 

( 3) 

3 

< i) 

Gly -> 

Ala 

1346 

.1 

2269 

CAGACTGGTG [A/G] ACGAATATTC 

2 

( 2) 

2 

( 2 ) 

Asn * > 

Asp 


• *> 

2407 

CTCTGAGACG [A/C] TGAAGACCCG 

2 

( 2) 

3 

( 3 ) 

Met -> 

Leu 


.10 

3265 

TGCCGGGCCT [C/T] CCTCCCGGGG 

3 

( 3) 

2 

( 2) 

3' UT 


1347 

.3 

107 

GAAGCCGAGA [C/G] GGAAAATGTC 

12 

( 8) 

4 

( 3) 

Arg -> 

Gly 


.5 

109 

AGCCGAGACG [G/A] AAAATGTCAT 

2 

( 2) 

3 

( 3) 

Silent 



.6 

111 

CCGAGACGGA [A/G] AATGTCATCA 

16 

(12) 

2 

( 1) 

Lys -> 

Arg 


.37 

994 

GGTTCTTGTT [T/G] GGGCACAGCA 

16 

(11) 

3 

( 3) 

3 • UT 



.38 

996 

TTCTTGTTTG [G/T] GCACAGCACA 

17 

(11) 

4 

( 4 ) 

3 ' UT 


134 9 

# 4 

351 

ATCGGGATCG [T/A] GTGTTCCAGT 

4 

( 1) 

9 

( 5) 

Val -> 

Ser 


.9 

1136 

GCCCTGCACG [A/G] GCCCAGGGGC 

19 

(13) 

3 

( 3) 

3 ' UT 



.10 

1137 

CCCTGCACGA [G/A] CCCAGGGGCT 

10 

( 6) 

11 

( 7) 

3 ' UT 



.11 

1150 

CAGGGGCTGA [G/A] CGTTCCTAGG 

20 

(12) 

2 

( 2) 

3> UT 


1350 

.4 

188 

CCAAGCGCTC [T/C] AGGGGCTTTG 

4 

( 4) 

12 

( 7) 

Silent 



.5 

275 

ATGGAAGAGT [T/C] GTGGAACCAA 

15 

(10) 

2 

( 1) 

Silent 



.10 

473 

GGGGCTTTGC [C/T] TTTGTAACCT 

9 

( 8) 

3 

( 2) 

Silent 



.12 

770 

ATGGATTTGG [C/T] AATGATGGAA 

5 

( 5) 

2 

( 2) 

Ala -> 

Val 

1351 

.25 

1695 

GTGTGGAGAA [G/A] CCACAGGCCT 

10 

( 7) 

10 

( 8) 

3' UT 


1354 

.23 

2233 

CAACAATTTT [C/T] TATGTTAGTT 

7 

( 6) 

3 

( 1) 

3" UT 


1355 

.7 

4296 

AGCCTTCAGG [C/T] TCGGGGGGCT 

2 

( 2) 

2 

( 1) 

Ala -> 

Val 


.8 

4778 

GCGCTGATAA [C/G] GTTCATGGAA 

3 

( 3) 

3 

( 3) 

3' UT 



.10 

4785 

TAACGTTCAT [G/A] GAACGCGTTG 

5 

( 5) 

2 

( 1) 

3' UT 


1358 

.8 

2515 

CAGGGCGAGT [G/C] GCATGTCTGC 

7 

( 7) 

2 

( 2) 

3 1 UT 



.17 

2629 

CTTGGCATGT [G/A] ATGGCAGCTC 

20 

(17) 

2 

( 2) 

3' UT 


1359 

.3 

297 

ATAAATACAA [G/A) AACATTGGAG 

3 

( 2) 

2 

( 2) 

Silent 


1360 

.12 

548 

TGTAAGCTGAlG/C] CCTGGTGGCC 

8 

( 6) 

2 

( 1) 

3" UT 


1361 

.10 

4077 

CTGTCTTTCC [A/G) TTTTTTCATG 

14 

( 9) 

2 

( 1) 

3' UT 


1362 

.9 

1832 

CCGCCAGGCG [G/A] ATTTTGTTCA 

2 

( 2) 

2 

( 2) 

Silent 
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.11 

2248 

CCTATCGGCT [C/G] TTTGCAGTGG 

3 ( 

2) 

3 ( 3) 

Leu -> 

1363 .22 

2874 

CCGGAATCCA [A/C] AGTGCTCTGC 

2 ( 

2) 

7 ( 5) 

3' UT 

1366.3 
.6 

615 
722 

CGCCCATGGC [G/A] ACCAGTACAA 
TGTACAACTT (T/C) CCCGCAGGCG 

7 ( 
2 ( 

7) 
2) 

2 ( 2) 
8 ( 7) 

Asp -> 
Silent 


1367.18 1851 AAAAAGTAATTCCTTAAA [C/A] AT 4(4) 4(3) 3 1 UT 


1368. 

5 

2964 

TCTGAGACAC [G/A] CCCCAACATG 

3 

( 3) 

2 1 

I 2) 

3 ' UT 

1372. 

1 

276 

AGATGCTAAG [A/G] TTACCTTTCC 

4 

( 3) 

2 

I 2) 

He -> 

1373. 

.13 

3855 

AATATAATAT [C/T] GACACAGTGC 

4 

( 4) 

2 

( 2) 

3 • UT 

1378. 

,12 

4157 

TGCTGGGGCA [T/C] GGCGGGATCC 

2 

( 2) 

2 

( 1) 

3 ' UT 

1383 

.14 

1832 

ATCACCACCA [C/T] GTGAGTGGTA 

12 

( 6) 

4 

( 3) 

Silent 

1385 

.17 

3454 

CAGTGCTAAT [G/A] TGTGCAAGCA 

7 

( 5) 

4 

( 3) 

3 ' UT 

13B6 

.31 

470 

GGGTGACGGG [C/G] CCATGGGGCG 

5 

( 5) 

3 

( 3) 

3 ' UT 


5 

1385 

TCGGTGCAGT [T/C] TCCACTCTTG 

2 

( 2) 

2 

( 2) 

3 1 

UT 

7 

1678 

CAGGCTCATC [C/A] TGGGAGCTTT 

3 

( 3) 

5 

( 3) 

3 ' 

UT 

8 

1900 

CAGCCCTGCT [G/A] ACCATCTCAC 

4 

( 4) 

2 

( 2) 

3 ' 

UT 

11 

1967 

GCCCCCTGGG [G/A] AGTTGGGGAA 

17 

(13) 

2 

( 2) 

3 ■ 

UT 

15 

2075 

ATTTCTTCCT [G/T] GTGGCATTAG 

18 

(14) 

3 

( 3) 

3 ' 

UT 

17 

2089 

GCATTAGCCA [C/T] TCCCTGCCTC 

22 

(15) 

2 

( 2) 

3 ' 

UT 

22 

2234 

AAGAGAGAGAGA [A/G] AAAAAAAA 

13 

(10) 

6 

( 4) 

3 ' 

UT 


1388 . 

17 

2799 

CACAGAAGCA [G/C] CTAAACCAAG 

15 

(11) 

4 

( 1) 

3' UT 

1395. 

4 

327 

CAATGTGTTA [T/C] GTAGTGCTTA 

35 

(17) 

2 

( 1) 

3' UT 

1396. 

,10 

1887 

GGCACGAGCC [C/T] TCCTTCTATA 

3 

( 3) 

3 

( 1) 

3 ' UT 


,12 

1921 

CCCCAGTGGG [G/A] ACTGAGTTAT 

3 

( 3) 

5 

( 2) 

3 1 UT 


.21 

2403 

TGACCAGGAC [G/C] CCTCTGGCCC 

2 

( 2) 

3 

( 3) 

3 ' UT 


.26 

2579 

AAAGGCTGAA [T/A] TGTCTGAAAA 

10 

( 7) 

3 

( 1) 

3 1 UT 

1397 

.23 

6232 

TATTCAGAGT [G/T] GGCTGGGCCC 

3 

( 3) 

2 

( 2) 

3 ' UT 

1399 

.2 

177 

CCCCCGAGGG [O/A] ATGCCAAGAT 

3 

( 3) 

2 

( 2) 

Asp - > 


.10 

1136 

AGGGGACAGT [A/G] ATAGCCAGCA 

3 

( 3) 

4 

( 4) 

Silent 


.16 

1279 

CTGCTGTAAA [G/A] GCTGCAGCCT 

8 

( 8) 

2 

( 2) 

3' UT 


3 

71 

CCAAGAATCT [G/A] CTGCGCATGA 

2 

( 2) 

3 

( 3) 

Silent 

17 

874 

TTATGTTTAT [G/A] TTTATTATGT 

B 

( 6) 

6 

( 4) 

3 ' UT 

19 

917 

TTGGAATCAA [G/A] TGTCATAAGA 

8 

( 7) 

5 

( 4) 

3' UT 

21 

1081 

TCTACTTTCA [A/C] AAAAAAAAAA 

2 

( 2) 

7 

( 6) 

3' UT 

23 

1083 

TACTTTCAAA [A/T] AAAAAAAAAA 

2 

( 2) 

3 

( 3) 

3' UT 


1404 . 

12 

3921 

TGTTGCACAC [T/C] AGCCTTACAG 

3 

( 3) 

2 

( 2) 

3 ' UT 

1405, 

.15 

4823 

GTCCACATGC [A/G] CTGGGCGTCT 

4 

( 4) 

12 

(10) 

3 • UT 

1406, 

,5 

4618 

TGCTTTCTAG [G/C] TCAGTCCCTG 

5 

( 3) 

6 

( 4) 

3 ' UT 

1407, 

,5 

405 

CCCAGGGGGG [G/C] AGCTCCCATT 

5 

( 4) 

2 

( 2) 

Ser -> 


.9 

713 

TCTCTCAGAG [G/A] AAGTTTTTGG 

10 

( 7) 

2 

( 1) 

Silent 


Gin 
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18 

1053 

GGGCAGGGAA [T/C) CCTGGAGCAC 

21 

(13) 

2 

( 2) 

3' UT 



21 

1144 

GTGGGGTGGG [G/A] TGAGTAGGAC 

2 

( 2) 

25 

(14) 

3' UT 


1411. 

4 

2009 

GGCGTCAGAG [A/G] TGCTGGGTGA 

6 

( 4) 

7 

( 5) 

3' UT 


1414. 

13 

930 

ACATACGAAC [C/T) GCCTCCTTCC 

16 

(13) 

3 

( 2) 

3 ' UT 


1415 . 

24 

1362 

GTGCGATTCT [A/G] GATAAAGCCA 

7 

( 5) 

3 

( 3) 

N/D 



26 

1442 

GAGAATCCCT [G/A] GCAAAGGGAG 

10 

( 8) 

3 

( 3) 

N/D 


1420. 

6 

461 

CAGCGGGAGC [G/T] TGAAGAAAGA 

2 

( 2) 

2 

( 2) 

Arg -> 

Leu 


S 

685 

TGGTGGCAGT [G/T] TGGGCTCTCA 

12 

( 8) 

2 

( 1) 

Val -> 

Leu 


9 

689 

GGCAGTGTGG [G/C] CTCTCAGCCA 

15 

(12) 

2 

( 2) 

Silent 



16 

853 

GCTGGCAGCT [G/T] TGAGGCTCTA 

25 

(19) 

2 

( 2) 

Val -> 

Leu 

1421 . 

, 8 

169 

AAGTATACAG [A/G] ACAGATTACA 

20 

(14) 

2 

( 1) 

Silent 



25 

1166 

GTTAGTTTTC f T/Cl GGCCCGTGGC 

w ± *^%W A X A ± W [A/ vj W\J WW WW A WW W 

4 

( 3 ) 

3 

( 2) 

3 1 UT 



.26 

1167 

TTAGTTTTCTr f G/Tl GCCCGTGGCC 

A A r%w X X A X W A I W / A J WW WWW A WW WW 

4 

( 3) 

11 

( 7) 

3 1 UT 



.29 

1275 

TCTGGCATAC [C/G] GATAGGCTTA 

6 

( 5) 

14 

(11) 

3 ' UT 


1422 . 

, 7 

278 

CCGGGAACCG [G/C] CCACCATCAA 

4 

( 3) 

3 

( 3) 

Ala -> 

Pro 

1424 

_ 3 

1012 

GGGAGGATGC f T/Gl CTCTCTCGCG 

wvynUWniwv L * / wawawawwww 

2 

( 2) 

5 

( 3) 

Silent 



.4 

1021 

CTCTCTCTCG [C/T] GTAGCTGGAA 

5 

( 3) 

2 

( 1) 

Silent 



.7 

1295 

GTTTAATGCA [T/A] GGATTCGAAA 

2 

( 2) 

3 

( 2) 

Trp -> 

Arg 

1425 

.3 

274 

GCACTGGAGG [G/T] TTTAATTTTG 

2 

( 2) 

2 

( 2) 

Gly -> 

Val 

1426 

.2 

1364 

GATCACCAGA [T/C] ACCAGGGTGT 

9 

( 6) 

2 

( 1) 

Tyr -> 

His 


.17 

2298 

TCTCCAGAGT [C/T] ACTCCGTTCT 

4 

( 4) 

3 

( 3) 

Ser -> 

Leu 

1427 

.3 

90 

CGCCGGCTGC [G/C] CTGCAGGTGA 

8 

( 6) 

3 

( 1) 

Silent 



.4 

91 

GCCGGCTGCG [C/G] TGCAGGTGAC 

8 

( 6) 

3 

( 1) 

Leu -> 

Val 


. 6 

109 

GACAGTTCGT [G/A] ATGCTATAAA 

12 

( 6) 

2 

( 2) 

Asp - > 

Asn 


. 11 

438 

TCTTCAGGGG (A/G) CCCAATGGTG 

7 

( 2) 

2 

( 2) 

Glu -> 

Gly 


.23 

1172 

CTATTCATAA [A/C] GGAAAACGAT 

10 

( 5) 

12 

( 7) 

3' UT 



.24 

1179 

TAAAGGAAAA [C/T] GATTTCTAAA 

21 

(10) 

2 

( 2) 

3' UT 



.31 

1323 

CAAATTATAT [ C/A) ACATTTTATC 

8 

( 3) 

13 

(10) 

3' UT 



.34 

1376 

GCAGAGTCCT [G/C] ATGAAAGATG 

13 

( 7) 

5 

( 4) 

3 ' UT 



.37 

1433 

GCATATAATA [C/T] ACATTTACTG 

6 

( 2) 

9 

( 7) 

3 ' UT 


1430 

. 3 

682 

TCTTTGGGGA [G/A] TCAGATGAGC 

7 

( 6) 

2 

( 2) 

Ser -> 

Glu 

1431 

.2 

79 

GCCAGTGGCG [C/T] TTCGTGGACG 

7 

( 6) 

2 

( 2) 

Silent 



.6 

296 

TCACGCAGTG [G/C] CCAATAATCA 

10 

( 7) 

7 

( 6) 

Ala -> 

Pro 

1432 

. 6 

2640 

AAGTTGCTTA [G/A] AGAGCCACCA 

8 

( 7) 

2 

( 1) 

3' UT 



.9 

2695 

GTTTTAATGC [A/C] AAGGAAATTT 

12 

( 9) 

3 

( 3) 

3' UT 


1433 

.7 

1695 

AGCCGGGCTG [C/T] TACCTGCCCA 

3 

( 3) 

2 

( 2) 

Silent 



.10 

2052 

CCCCTGGGTG [C/T] GGGGTGATCG 

2 

( 2) 

2 

( 2) 

Silent 



.11 

2160 

ATGAGTCCAC [T/C] CTGGCCTTCC 

2 

( 2) 

2 

( 2) 

Silent 



.23 

2698 

GGACCTTCGA [G/A] GGCCTCTGCC 

4 

( 4) 

3 

( 3) 

3' UT 



.28 

2787 

GTGGAGGAGA [G/A] GCCTGTGGCC 

6 

( 6) 

2 

( 2) 

3' UT 



.30 

2844 

GGTGGCGCAG [C/G] CTTGGTAACG 

IS 

(13) 

8 

( 6) 

3' UT 



.31 

2848 

GCGCAGCCTT [G/A] GTAACGCCAT 

15 

(13) 

8 

( 6) 

3' UT 



.32 

2857 

TGGTAACGCC [A/G] TGGACTGCAG 

16 

(14) 

8 

( 6) 

3' UT 



.33 

2877 

GCGACAATCA [A/G] TGGATGGTGC 

16 

(14) 

8 

( 6) 

3 1 UT 



.34 

2942 

CCCTACCTGT [C/T] TTATTTCATA 

17 

(14) 

14 

( 9) 

3' UT 
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17 

2127 

TGATTAGAAC [G/T) GGTAGCCAGT 

2 

( 1) 

5 

( 4) 

3 ' UT 



18 

2154 

AATATTGATA [G/T) AAAAATAAAA 

2 

( 1) 

5 

( 4) 

3' UT 


1437 

16 

2825 

AGTTTAAGAT [G/CJ ACTTGACCCC 

5 

( 4) 

3 

( 2) 

3 ' UT 



19 

3129 

CATGCGTAGC (C/T) TCTTGTCTTA 

7 

( 5) 

3 

( 2) 

3' UT 


1440 

5 

940 

AACTTCAGAA [G/A] GCCAGTGTTG 

2 

( 1) 

3 

( 3) 

Silent 



s 

1327 

TGGCCCTGCC [T/C] GGGAAGCCGC 

2 


c 

t 0 \ 
I * J 

Silent 



9 

1906 

GACCTGAAGG [C/T] GAACGTGATA 

2 

( 1) 

2 

( 2) 

Ala -> 

Val 


14 

2282 

TCTTAGAGGC [C/T] TTTCTTGTAT 

2 

( 2) 

3 

( 3) 

3' UT 


1443 

4 

1943 

. W 4 A Ww iUV>W\ I *»/ A J nnww i vjnunn 

-a 

\ * I 


I 11 

Glu - > 

Lys 

1 AAA 

3 1 

1905 

LWlnWiO ww 1 lu/ a j Uinnunluw 

J 

\ 2 ) 

28 

(20) 

3 ' UT 


1445 

4 

425 

CCAGGCTTGC [C/A] AGCCGAAACG 

8 

( S) 

2 

( 2) 

Pro -> 

Gin 


25 

1281 

AACAAAGAAA [A/T] AAAAAAAAAA 

5 

< 4) 

4 

( 4) 

3 ■ UT 


144 6 

3 

1227 

nwlUlwrtft L v/ J> J nwwwl Uiutu 


i i) 

2 

( 2) 

Silent 



17 

3090 

TTITTTITLT /fl TTTlirSTBS 
llnlXlnlnl l*/wj 1 1 1/uiUnlAn 

10 

i ') 

2 

( 2) 

3 ' UT 


1447 

8 

2681 

GGCAATAGCA [A/G] TCTTGGCTGA 

3 

( 3) 

3 

( 2) 

3' UT 


1448 

2 

521 


■a 
j 



\ 1 J 

Silent 



3 

587 

RTPJiTnrTrT f t /el flpafTTTara 

w A wAl VJ^>1U1 L X / w J V?wJ*lw 1 1 liiwn 



■a 
J 

/ 1 1 
\ 1 J 

oixenL 


1449 

20 

1261 

TGCGTAATGC [G/A] GCCGAAGAGC 

4 

( 3) 

21 

(13) 

Silent 



28 

1447 

PTf5&f3ZV(^PrT' f C?/t*3l af5rtPf3TPPnP 
w 1 uAUnu www LW/UJ /VwwwU X w wo w 


114 } 

2 

I 1 1 

1 t TFT 



3 1 

1652 


D 
O 


D 

I 4 ; 

3 ' UT 



32 

1653 

TGCAGATTGA [A/T] TAAAAAAAAA 

li 

( 7) 

3 

( 3) 

3 1 UT 



33 

1654 

GCAGATTGAA [T/A] AAAAAAAAAA 

6 

( 6) 

4 

( 4) 

3' UT 


1450 

2 

156 

ccccatggcg ra/Ai coGrrAAnriA 

www>wj"k± wwww l**/ *»J WWwWwnnwwv\ 




( o \ 
I ^ j 

Aid > 

Thr 

14S1 

13 

200 

GATGAGCGTG [A/T] TTCCTCTCGA 

3 

( 2) 

31 

(20) 

Asp -> 

Val 


14 

201 

ATGAGCGTGA [T/Al TCCTCTCGAT 

* — * v^*"*-J ww * WX"» L * / •* J * WW * W A wwli X 

3 


3 1 



Glu 


IB 

417 

AAGTTCACAT [C/G] AACCTCATGG 

2 

( 1) 

28 

(18) 

3' UT 


14S2 

12 

1659 

gtaccagagg rc/Ti ATGCCTATCA 

4 


2 


Ala - > 

Val 


18 

2410 

ATTTAAGGAC [G/A] AGACCAGCAG 

3 

< 3) 

9 

( 5) 

Silent 



19 

2419 

CGAGACCAGC [A/G] GCTAATCCAA 

9 

( 8) 

3 

( 1) 

Silent 



23 

2717 

GTTAATGATG [T/A] TAATGATTTT 

17 

(13) 

5 

( 3) 

3 • UT 


1454 

3 

338 

AGGGCTTTGC [C/T] TTCGTTCAGT 

3 


g 


Silent 



7 

1211 

CATGCTCACT [G/T] TTCTCCCCAT 

9 

( 6) 

2 

( 1) 

3" UT 



8 

1391 

GTTTTTAAAAAAA [A/T] AAAAAAA 

3 

( 2) 

3 

( 3) 

3' UT 


1455 

.6 

294 

CCAGGCCTTT [G/T] TCATCTTCAA 

9 

( 8) 

2 

( 2) 

Val -> 

Phe 


.22 

911 

CAGCTCGCGA [T/A] GCCCTGCAGG 

13 

(12) 

3 

( 3) 

Asp -> 

Glu 


.23 

912 

AGCTCGCGAT [G/T] CCCTGCAGGG 

8 

( 8) 

4 

( 4) 

Ala -> 

Ser 

1460 

1 

6 

AATTC [C/G] CAGAGCAACATGCCC 

5 

( 5) 

3 

( 3) 

5' UT 



30 

547 

GTTCTGCTTC [A/C] CCAGGAGATC 

25 

(17) 

5 

( 3) 

3 1 UT 


1461 

5 

154 

TCCCCGGGGG [G/C] CTTTGGATCG 

8 

( 7) 

2 

( 2) 

Silent 



32 

1463 

GTGTTACTGC [A/G] TTTTGTACAA 

14 

( 8) 

11 

( 8) 

3' UT 


1463 

3 

761 

CAGCGTGGGG [G/T] TGGCCACTCC 

2 

( 1) 

2 

( 2) 

3 • UT 


1464 

.3 

21 

GCCTGCAGGC [C/T] TCCCGAGGAG 

6 

( 3) 

2 

( 2) 

Silent 
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ID 


[polymorphism] (Lib) 


(Lib) 

Change 




4 

130 

GCAGACTTAT [A/G ) AGGTTGACCT 

3 

( 1) 

11 

( 7) 


Ser 


5 

132 

AGAC7TATAA [G/A] GTTGACCTTA 

3 

( 1) 

10 

( 7) 

Siler.t 


1465. 

4 

897 

AGTTCCACCC [T/C] ACAGGCATAT 

2 

( 2) 

3 

( 3) 

Silent 



5 

1044 

TGTCTCGGTC (C/G) ATGACTCTGC 

4 

( 4) 

2 

( 2) 

Siler.t 



12 

1758 

GAGCAGAGGC (A/G) CGGAAGGAGT 

8 

( 8) 

3 

( 3) 




30 

1892 

ACCCTGTCCT [A/T] TGTGGACGTT 

19 

(17) 

6 

( 6) 

Tyr -> 

Phe 


34 

1938 

ATAGACCCGT [G/A] ATCGACAAAA 

16 

(15) 

9 

( 9) 

Silent 



37 

1975 


21 

(20) 

6 

( 6) 

Val -> 

He 


38 

1980 

CCACCGTCCC [Q/C] CCAGCCATTC 

21 

(20) 

5 

( 5) 

Silent 



41 


AbALAftuA IT/CJ GGTGATGACA 

22 

(20) 

5 

( 5) 

3' UT 


.42 

2102 

TTCTGCACTC [T/CJGGGGAAGAAG 

23 

(20) 

8 

( 7) 

3 1 UT 



45 

2139 

GATTGGCACC [T/C] AGTGGCTGGG 

24 

(20) 

7 

( 6) 

3' UT 


1467. 

9 

2297 

v_AiljuiUA7UA IQ/Aj CCAGGCCCGT 

4 

( 4) 

2 

( 2 ) 

Ser -> 

Asn 


11 

2353 

TAATAATATG |T/C] ATGCCTGGGG 

3 

( 3) 

2 

( 2) 

Tyr -> 

His 

1471. 

,4 

3042 

CACCCAACCT [G/A] TCCTTACTCA 

2 

( 2 ) 

3 

( 1) 

T ' TTT 
J Ui 


1473 , 

,9 

390 

GAAAAGCTGC ( C/T] ATTCTCAAGG 

13 

(11) 

5 

( 3) 

Silent 



. 10 

399 

CCATTCTCAA [G/A] GCCCAAGTGG 

11 

( B) 

3 

( 3) 

Silent 


1 A 1 A 

. ± 

8 

TCT [G/A] AACGGAGAGCGTAGTGA 

13 

(10) 

4 

( 3) 

5' UT 



,2 

9 

CT [A/T] ACGGAGAGCGTAGTGACC 

14 

(11) 

3 

( 3) 

S' UT 



,9 

94 

GCGAGAGGAG [G/T] AGGAATTTAA 

27 

(14) 

2 

( 1) 

Ser -> 

*•* 


.24 

370 

GCGGAACCCG [C/T] TCATCGCCGG 

21 

(15) 

3 

( 2) 

Leu - > 

Phe 


.26 

392 

AAGTAGGGGC [C/A]GCCTGTCTGT 

28 

(14) 

2 

( 1) 

3' UT 


14 76 

. 6 

230 

CACAAGTGCC [C/T] TTCGAGCAGA 

12 

( 9) 

2 

( 2) 

Silent 


1477 

.20 . 


ni I iuniuuA i v/ L.J 1 oLajUUVjvj 

31 

(12) 

6 

( 4 ) 

Ser -> 

Asp 


.24 

1480 

GGCTGCGCCG [G/C] AGTGAAGAGG 

34 

(14) 

2 

( 2) 

Ser -> 

Gin 


.28 

1647 

I I lulu 1 luA I A/ 4 J /UwWwUtnn 

9 

( 6) 

3 

( 2 ) 

3' UT 


1478 

.19 

838 

TATGGAAGTA [G/A] CTCCGCAGAG 

17 

(11) 

2 

( 2) 

Ala -> 

Thr 


.29 

1009 

TCCTCAGCTC [C/T] CTGCCTGTTT 

26 

(18) 

2 

( 1) 

3 ' UT 



.30 

1095 


2 

( 2) 

24 

[ 16 ) 

3' UT 


1480 

.17 

913 


17 

(13) 

2 

( 2 1 

Val -> 

Leu 


.18 

939 

TTGCTGCGAC [T/C] GCCAGTATTG 

18 

(13 ) 

2 

( 2) 

Silent 



.19 

979 

CCCACCAGGA [C/A] GGGGCACTCC 

17 

(12) 

4 

( 4) 

Silent 



.20 

980 

CCACCAGGAC [G/C] GGGCACTCCG 

11 

(10) 

4 

( 4) 

Arg - > 

Pro 


.29 

1113 

TAGGCATGCC [G/C] CCTCCGGGAA 

20 

(13) 

2 

( 2) 

Silent 


1483 

.12 

1969 

ACTTCTCCAT [ C/T] CGGTCCCTAG 

2 

( 1) 

2 

( 2) 

Silent 


1484 

.2 

140 

ATTACGATGA [G/A] GAGGAAGAGC 

3 

( 2) 

12 

( 8) 

Ser -> 

Glu 


.7 

288 

CTGTGGCTTG [G/A] AGCATCCTTC 

8 

( 7) 

2 

( 2) 

Ser -> 

Lys 


.11 

674 

AGCACTTTGT [G/C] CTGGACGAGT 

3 

( 3) 

2 

( 2) 

Silent 


I486 

.24 

6427 

GCATTAACTA [A/T] AAAAAAAAAA 

5 

( 5) 

7 

( 5) 

3' UT 


1487 

.15 

2896 

GCGCCAAGCC [C/A] AGCAGGCTAC 

3 

( 3) 

3 

( 1) 

Pro -> 

Gin 


.20 

3303 

AGCCACGGGC [G/T] TCCTACTGAG 

8 

( 7) 

3 

( 3) 

Val -> 

Phe 


.22 

3394 

CTGGGGAAGC [T/C] CCTGGAAGCC 

11 

(10) 

2 

( 2) 

Leu - > 

Pro 

1489 

.14 

1419 

ACTCAACTCA [C/A] GGTACAAGAC 

7 

( 5) 

3 

( 3) 

3' UT 


1490 

.6 

443 

AGGCTGCTCG [T/C] GTTGCTATTG 

2 

( 2) 

2 

( 2) 

Val -> 

Ala 


.31 

1710 

CTCGTGATGC [A/G) TCTACAGTTA 

11 

( 7) 

19 

(12) 

3 ' UT 
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1 
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ID 


[polymorphism] (Lib) 


(Lib) 

Change 




33 

1824 

GTGGGGGTAC [ C/T] ATCTCAACTG 

7 

( 4) 

13 

( 9) 

3 ' UT 


1491 . 

21 

1488 

GCATATGGGA [G/C] CCATTGGCTG 



2 

( 2) 

Ser - > 

Asp 


31 

1826 

TGTAAGGTTT [C/T] CATTTAGTTT 

28 

(16) 

3 

( 1) 

3 ' UT 

1495. 

3 

J J J. 

CAAAAACCCC [G/A] CCCGCTCCAA 

3 

( 2) 

3 

( 2) 

Silent 


1496 . 

5 

3017 

AATAATAACC [ A/G ] AGACTTTTCA 

6 

( 4) 

2 

( 2) 

3 " UT 



15 

3932 

CTGCCTGGCC (C/T) TTTTTTCTTC 

J 

I 11 

6 

( 5) 

3 ' UT 


1497. 

13 

1332 

GCCCCATGTC [G/A] CTGGGTGGGC 

3 

( 2) 

5 

( 5) 

Silent 



14 

1338 

TGTCGCTGGG [T/C] GGGCGGCACG 

3 

( 2) 

5 

( 5) 

Val -> 

Ala 


16 

1508 

GCCACGGCGG [C/T] CGCCAGCGAG 

8 

( 4) 

2 

( 2) 

Ala -> 

Val 


20 

1608 

CCCCCCGGGC (C/G) CGGACCAGCC 

6 

( 4 ) 

5 

( 3) 

Silent 



23 

1713 

AGCGGCTGCG (G/T) GTCCGTGACA 

6 

( 3) 

3 

( 2) 

Silent 



39 

4022 

GGCTTCCCCT (G/A] CGCCCTGGGA 

3 

( 2) 

6 

( 5) 

3 • UT 



43 

4187 

AAACAGCAGT (T/C) CCTGGGAACC 

12 

(10) 

2 

( 1) 

3' UT 



44 

4254 

TTTCAAAAAA [T/A] TTTTTTTAAA 

2 

( 2) 

11 

( 9) 

3 ' UT 


1498. 

5 

167 

GGCGTGCTGAIG/C] TGCCCTGGGA 

8 

( 4) 

3 

( 3) 

Ser -> 

Thr 

1500. 

.16 

2206 

GAAGGAAACA I G/A] TGCAACAGCA 

16 

(13) 

2 

( 2) 

3' UT 



18 

2310 

GTTGTTAAGA (G/T) TGGGGGAGAG 

25 

(18) 

2 

( 1) 

3 1 UT 



,23 

2426 

TGCCAAGCTG [G/A) ACGGCACGAG 

10 

( 7) 

4 

( 4) 

3' UT 


1501. 

, 5 

388 

GCGCTGTGCG (G/T) TGTCCCCGTC 

2 

( 2) 

2 

( 2) 

Silent 



.16 

1238 

CCCCGGGAGG [O/A] AG CTGACTG A 

8 

( 8) 

2 

( 2) 

3 ' UT 


1505. 

. 9 

3934 

TTAGTCATTC [T/C) AAAAAACACC 

6 

( 4) 

4 

( 4) 

3 ' UT 


1507. 

.2 

130 

CCCCGAGGCG [A/T] TCGTGGAGGA 

3 

( 3) 

3 

( 2) 

lie -> 

Phe 

1508 

. 19 

5111 

CATCGCCGAG [O/C) CCTGGGCCCG 

12 

(10) 

3 

( 2) 

N/D 


1510 

_ 6 

1066 

CAAAGGAGCT IT/C] GAAGGATATT 

2 

I 2 } 

5 

( 5) 

3 1 UT 



. 8 

1136 

TCTAAAAGAA [A/G] AAGGAACTAG 

3 

{ 2) 

2 

( 1) 

3 ' UT 


1511 

. 10 

222 

CTACAATATT [C/G] AAAAGGAGTC 

J. 0 

1 11 J 

2 

( 1) 

Gin - > 

Glu 

1514 

. 6 

103 

CGGGGCTGCG [G/A] CCGCCCGAGG 

J. 1 


4 

( 4) 

5 ' UT 



.24 

624 

GGCATCGTCA [G/A] AAGGAAGGGA 

13 

( 5) 

6 

( 5) 

3' UT 



.35 

879 

GCTGTAAAAT (T/C) ATAAACTTTT 


(12 1 

2 

( 1) 

3 ' UT 



.38 

913 

TCCCCCAGGG [G/C] CGAGTTCCTC 

25 

(11) 

3 

( 2) 

3 ' UT 



.39 

914 

CCCCCAGGGG [C/0] GAGTTCCTCG 

20 

(11) 

3 

( 3) 

3- UT 



.43 

1069 

AGACCCCAGG (G/T) CAGCATCTCG 

21 

( 9) 

5 

( 4) 

3 ■ UT 


1515 

. 6 

175 

CATGCTAGCA (T/G) GGCCTAATGA 

3 

( 2) 

9 

( 8) 

Trp -> 

Gly 


.28 

855 

CTGGAGAGCT [T/G] GGCTTCCGCG 

15 

(11) 

4 

( 4) 

Silent 



.30 

858 

GAGAGCTTGG [C/G] TTCCGCGCTT 

6 

( 6) 

7 

( 5) 

Ala -> 

Gly 


.38 

1146 

ATAATAAAAG [T/A] TTCATTTGCA 

2 

( 2) 

23 

(14) 

3' UT 


1517 

. 9 

742 

AATCATAATG IG/C] TTCTCCCCTT 

6 

( 3) 

2 

( 2) 

Val -> 

Ala 


.16 

1424 

AAGTTATTGG [C/T] AAACGAGGTT 

11 

( 7) 

3 

( 3) 

Ala -> 

Val 

1518 

. 8 

947 

AGAGCTGAGC (G/A) AGTTCACCAC 

5 

( 4) 

2 

( 2) 

Ser -> 

Lys 

1519 

.15 

1209 

CCATCAAAAG (C/T) TTTGAGAATT 

2 

( 2) 

6 

( 5) 

Silent 


1520 

.12 

6696 

CAGCCTCATC [G/A] ATCCCAAAAC 

5 

( 2) 

3 

( 1) 

Asp -> 

Asr. 


.13 

6806 

TGCGCGGGAG [C/A] AAACTGCTCT 

2 

( 1) 

3 

( 1) 

Ser -> 

Arg 
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1521. 

.6 

851 

AGACTCTGAG [G/C] CCTGGTGTGA 

7 

( 6) 

2 

! 2) 

Arg - > 


,10 

976 

TTGGGAATGG [A/G] TATCAGAAGA 

15 

( 8) 

4 

( 1) 

3' UT 


.15 

1165 

TCACCTATAC [A/G] TTATTTAAAT 

20 

( 8) 

4 

( 1) 

3' UT 


.17 

1236 

GAAAACTGTG [C/A] AATTGTGTGC 

7 

( 4) 

3 

( 1) 

3' UT 

1523 

.7 

417 

CACCACGGTG [C/T] TGGAATTGTT 

9 

( 8) 

3 

( 3) 

Silent 

1524 

.13 

2996 

AAAATGACAT [T/G] AGTTTGAAAA 

3 

( 2) 

3 

( 2) 

3' UT 


.22 

3384 

AACAGCTTTT [A/T] GGCCAAGCTG 

20 

( 9) 

4 

( 4) 

3' UT 


.23 

3385 

ACAGCTTTTA [G/A] GCCAAGCTGG 

16 

( 7) 

6 

( 5) 

3 ' UT 


.25 

3397 

CCAAGCTGGC [C/T) TGACGGTATG 

25 

(11) 

4 

( 3) 

3 ' UT 


.26 

3398 

CAAGCTGGCC [T/G) GACGGTATCG 

25 

(11) 

3 

( 2) 

3 • UT 


Ser 


1526.6 2476 TGGAGGTGCA (T/C) AACCTACTTA 2(1) 2(1) Silent 

.7 2715 GTGAAAGGGG (A/CJ CGTGTACTCT 2(2) 3(1) Asp -> Ala 


1528. 

6 

770 

CCAAAAGGAA [G/A) TGAATCAGCA 

2 

( 2) 

2 ( 

2) 

Val -> 

Met 


10 

2396 

GCAGTGCGCA [A/T] TCCTGGACCT 

1 

( 1) 

4 ( 

; 4) 

Val -> 

Phe 


26 

3317 

TTCAAGTGAA [G/C] ATGCTGAAAG 

12 

( 8) 

7 1 

: 6> 

Asp -> 

His 


32 

3598 

TATAATTAGT [T/C] ATGACAGCCA 

19 

(16) 

2 1 

: i) 

3 1 UT 


1530 . 

8 

427 

ATCCGCCCCC [A/O] CGACGTCCCC 

4 

( 3) 

2 1 

: D 

Thr -> 

Ala 


.L J 

BOA 

TGCTGAACGAIG/A] CCCCCTGGGG 

8 

( 5) 

2 1 

i i) 

Ser - > 

Glu 


30 

1579 

AGTCCTGAAA [G/A] GCCCAAGGCC 

4 

( 3) 

7 1 

i 6) 

3 ' UT 


1532 . 

6 

496 

TCGTGCGCAA [C/T] GTGCCCTGGG 

4 

( 2) 

6 I 

I 3) 

Silent 



.10 

963 

CTGGCCTTAT [G/T] CCCAGGCCTG 

6 

( 4) 

2 i 

i 2) 

Cys -> 

Phe 

1533 , 

.12 

2092 

GTATCCCAGG [A/G] CACACAGGAA 

3 

( 3) 

2 1 

! 2) 

Asp - > 

Ala 

1534 . 

.4 

264 

CCGTGCCGGC [A/T] CTTCACCATC 

2 

( 1) 

5 i 

I 4) 

Silent 


1536. 

.22 

6641 

TTAGATATAT [A/G] TATTCATTCT 

3 

( 3) 

4 

! 3) 

3' UT 



.24 

6779 

ATTTTTATTG [G/A] GCCCAAAAAC 

2 

( 2) 

11 

( 8) 

3' UT 



,28 

7097 

AGTGGAATGT (T/A) TAAAAAAAAA 

4 

( 3) 

4 

( 3) 

3 ' UT 


1537 

.5 

871 

AGGGCAGTGC [C/A] ATTGATAGGA 

7 

( 6) 

3 

( 3) 

Silent 



.10 

1466 

GCAGGCATGC [C/A] AGTCTCTGCC 

7 

( 7) 

3 

( 3) 

3' UT 


1538 

.21 

938 

CCTCCACCTT [T/C] GACGCTGGGG 

14 

( 7) 

3 

( 2) 

Silent 


1539 

. 1 

67 

TCGCGGCCTA [G/C] CTTTACCCGC 

3 

( 3) 

2 

( 1) 

5 ' UT 



. 3 

304 

TCGATGGCTC [T/C] AGTACTTTAC 

4 

( 4) 

4 

( 3) 

Silent 



. 9 

1075 

GTAGCGCCAG [A/C] CTACGCATTC 

2 

( 2) 

3 

( 2) 

Arg - > 

Ser 


.16 

2048 

CAAGGAAGTG tO/A) TTCTTAGATG 

8 

( 7) 

4 

( 2) 

3' UT 



.21 

2718 

GCCTAACATAA [A/G] AAAAAAAAA 

8 

( 8) 

3 

( 3) 

3' UT 


1541 

.1 

4123 

TGGCGAGGGG [G/C] CTTGACGGCG 

2 

( 1) 

2 

( 2) 

3 ' UT 


1543 

.4 

319 

GCACCGGAAG (G/A) AGGCGCTGAC 

6 

( 5) 

2 

( 2) 

Ser - > 

Lys 

1544 

.3 

534 

TTGAGCCCAA (C/G) TGCTTGGACG 

2 

( 2) 

7 

( 4) 

Asn -> 

Lys 


.4 

543 

ACTGCTTGGA (C/T) GCCTTCCCAA 

4 

( 4) 

7 

( 4) 

Silent 



.8 

643 

ACCTGTGTTC [T/A] CAAAGATGGC 

12 

( 8) 

3 

( 3) 

Ser -> 

Thr 


.12 

728 

GCTGCCCAGG [C/G] TGTGCAGCGC 

12 

(11) 

4 

( 1) 

3 ' UT 



.21 

902 

AACATCCCCT [C/T] CCATCATTAC 

5 

( 4) 

4 

( 2) 

3 ' UT 



.22 

986 

CTGCCTGGCC [C/T] CTCGCCTGTG 

5 

( 4) 

2 

( 2) 

3 ■ UT 


1545 

.4 

1470 

CGGTGAGACC [G/A) TTGCCCGCTG 

2 

( 1) 

2 

( 2) 

Val -> 

lie 

1546 

.1 

172 

CTCTGAAGAC [A/T) TGGAGATACT 

3 

( 1) 

3 

( 3) 

Met -> 

Leu 
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Targat Loc'n Sequence around. # Varia 1 # Varia 2 Protein 

ID [polymorphism] (Lib) (Lib) Change 


1547 . 

17 

976 

TGCTTTAAAG (G/A) GCCTGCCTGG 

13 

(10) 

2 

2) 

3 ' UT 


1548 

3 

1209 

CATTATTGGC [C/T] TCATCAAACC 

3 

( 3) 

3 

1) 

Leu - > 

Phe 


4 

1286 

TGAAAGGTGT [A/G] AATAAGTTAC 

2 

( 2) 

3 

2) 

Silent 



8 

1904 

ATAACTAAGA [C/T J TTCTGTGCAT 

6 

( 3) 

5 

3) 

3 ' UT 


1S50 

7 

797 

TGGACGCCTT [T/C] CCAAATCTGA 

2 

( 2) 

5 

2) 

Silent 


1551 

12 

221S 

CGAGACCATC (T/C) TGGCCCCTCC 

3 

( 1) 

10 

9) 

3 ' UT 



14 

2242 

TGCCTGAGCC (T/C) AGGAGCTTGA 

3 

( 1) 

9 

8) 

3 ' UT 



IS 

2341 

ACTGGGTCTC |G/A) CTCCGAGTGG 

3 

( 1 ) 



3 ' UT 



16 

2372 

GGAGGGAGGG [T/A] CAGGGGGAGG 

3 

( 1) 

9 

8) 

3' UT 


1554 

12 

834 

GGGACTTTAT [C/G] GATTGCTTCC 


V 3J 


1 J 

lie - > 

Met 


14 

999 

ACCCAGAGGT IC/G) ACAGCTAAAG 

B 

( 6) 

2 

1) 

Silent 



23 

1539 

ATCTGGCTGC (T/C) GATCTGCTAT 

5 

( 4 ) 


A \ 

3 ' UT 


1555 

5 

424 

TATGGATGCC [A/G] AGCACCACAA 

17 

( fl 1 
i o ; 

*J 
J 

1 J 

Lys - > 

Ser 


9 

515 

GCCAGCACCA [G/C] CCAGGAGCTG 

17 

( 7) 

3 

3) 

Ser -> 

Thr 


30 

1088 

TCCTCGGCTG [C/A] GTTCAGTCCT 

2 

( 2) 

8 

5) 

3 ' UT 


1556 

7 

2037 

TGATCTTTGC 1C/T] CCTGGTATGC 

5 

( 5) 

5 

I 3) 

3 « UT 


1560 

7 

2335 

GCATTCAAGA [C/T] GGATACAGAG 

5 

( 5 ) 

2 


Thr - — 
> 

U.I. 

1561 

1 

90 

CTGTGCTGCC IC/T1 GGCTCCCCCA 

w**** WW 4 W W W I W/ *> J \JU W X WW WW ^^«» 

2 




Silent: 



5 

373 

CCCTGACATC I A/G] TGGAGTTCTG 

2 

( 1) 

2 

( 2) 

Met -> 

Val 


22 

1250 

TGTTTCCTTT [T/G] GGGCTCAAAG 

8 

( 7) 

4 

( 4) 

3 ' UT 



23 

1251 

GTTTCCTTTT [G/T] GGCTCAAAGC 

7 

( 6 ) 

4 


3 ' UT 


1562 

14 

540 

ATTGTCGCAC [C/T] TCCTACACCT 

21 

( 9) 

2 

( i) 

Silent 



30 

799 

AGCCATGAGT [G/T] GGGCTGGGCC 

14 

{ 7) 

3 

' 3 ) 

Gly - > 

Trp 

1563 

10 

3076 

ACTCCCCTTC [A/G] TGAAACCAGA 

2 

( 1) 

2 

( 2) 

Met -> 

Val 

1564 

7 

339 

CTTTGGAAAG [T/C] GTGAAAGCTG 

15 

(10) 

2 

( 1) 

Silent 


1566 

2 

53 

GCAGGCACAG [T/C] GTCACCTTCG 

2 

( 1) 

2 

( 2) 

5' UT 



4 

175 

TCCTGGCGGC [G/A] CCTCGTGTGC 

3 

( 1) 

4 

( 4) 

Arg - > 

His 


.10 

791 

GCATGAATCC [C/T] GGCCCAGGCG 

3 

( 1) 

4 

( 4) 

Silent 



.23 

1741 

TGCACTCTGT [G/C] CTCCGCCCAA 

3 

( 2) 

3 

( 2) 

Cys -> 

Ser 


.24 

1742 

GCACTCTGTG [C/G] TCCGCCCAAG 

3 

( 2) 

3 

( 2) 

Cys - > 

Trp 

1567 

.2 

1083 

GGAATACTGG [O/Al AGAATCTTCG 

5 

( 3) 

2 

( 1) 

Ser - > 

Lys 

1571 

.4 

1480 

AGAGAAAATT [G/A] GGGAAAAGGT 

4 

( 4) 

3 

( 2) 

3' UT 



.14 

2087 

TCTGTCTGGT [G/A] TGGTATGAAT 

5 

( 5) 

4 

( 2) 

3- UT 


1576 

.13 

1777 

CGCCCCTCCC [C/T] CCTCTGGCCC 

3 

( 2) 

2 

( 2) 

3' UT 



.16 

2031 

AATTGTACATTC [ C/T] CTGCATCC 

3 

( 2) 

2 

( 2) 

3' UT 


1S77 

.10 

3022 

TGCCGGCCGG [A/G] ACCCAGCGGC 

2 

( 2) 

6 

( 5) 

Asn - > 

Asp 


.15 

3229 

CACACCACCG [T/C] CCTCCTCGCT 

2 

( 2) 

5 

< 4) 

3 ' UT 



.33 

3859 

GGTAGCCACC [G/A] CCGGGGCACT 

IB 

(13) 

4 

( 3) 

3" UT 



.38 

3980 

CTGATGCATC [G/A] TTTTCTTTGC 

IB 

(14) 

4 

( 3) 

3' UT 



.47 

4049 

GCCAGGCCAT [G/T] GCCAAGGGGC 

7 

( 6) 

3 

( 3) 

3 ■ UT 



.50 

4055 

CCATGGCCAA [G/A] GGGCCAGCTG 

5 

( 5) 

5 

( 5) 

3 ' UT 


157S 

.5 

178 

TACTTCGACC [G/A] CAAAAGACGA 

7 

( 7) 

2 

( 2) 

Arg -> 

His 


. 12 

451 

CTTCCACCAC [C/T] AGTGTTCCAG 

B 

( 6) 

3 

( 2) 

Pro - > 

Leu 
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Target Loc'n Sequence around # Varia 1 # Varia 2 Protein 

ID [polymorphism] (Lib) (Lib) Changs 



13 

468 

CCAGATGCTT tC/T] TGACTAAGCT 

8 

( 6) 

3 ( 

2) 

Silent 



15 

501 

TCAGAGAATT [G/C] TAAG7GCTCA 

5 

( 5) 

2 ( 

2) 

Val -> 

Leu 


17 

551 

AAACAAATGT [C/T) AACATAATAA 

5 

( 5) 

4 ( 

3) 

3 ' UT 



19 

630 

GGGCAAATAT [G/C) CTTGTTATGA 

7 

{ g ) 

2 i 

"5 \ 
t 1 

3 ' UT 



20 

683 

CTTTGTGTAG [A/G] TCCATTTGTC 

9 

( 7) 

2 ( 

2) 

3 ' UT 



25 

2725 

AGGTGAGAAC [A/G) AAAAAACCCC 

6 

( 5! 

3 ( 

3) 

3 • UT 


1579. 

15 

1735 

GCTGCAGCGG (C/T) TGGCAGACGG 

17 

(12) 

2 ( 

2) 

Silent 



19 

1881 

GGATCCGAGA I G /Al GCirhTCZT.rm 

14 


5 

5) 

Ser - > 

Glu 


26 

2010 

GAATACTCCC [G/C] GCCAGGGCCT 

12 

(10) 

17 ( 

10) 

3 ' UT 


1581 

2 

1897 

CCGCTAAAAT [G/A] AGAATAAGGT 

3 

( 3) 

5 ( 

4) 

Met -> 

He 


5 

2232 

TGAATGTAAC [T/C) GCTTTAAGAA 

3 

( 3) 

5 

5) 

3 ' UT 


1SB3 

7 

1482 

AAGACACAGA [A/T) GGAGGGCCCA 

5 

( 5) 

3 

2) 

Glu -> 

Asp 


11 

1772 

G CTTTTAATA tG/C) TGTCATAAAG 

3 

( 3) 

2 

2) 

3 ' UT 

1584 

18 

576 

*-VJV-^U 1 LHUi lu/AJ LLILU i I U l\j 

2 

( 2 ) 

2 

2) 

Silent 



34 

1098 

ATATGGATGG [C/T) GGTACCTTCA 

3 

( 3) 

2 

2) 

Ala -> 

val 


46 

1708 

GAGAAACCCC [C/T) GGGGACCATG 

3 

( 3) 

2 

2) 

3' UT 



50 

1848 

GAGGGATTGA [G/A) CACAGGCACA 

2 

( 2) 

6 

6) 

3 ' UT 



51 

1857 

AGCACAGGCA [C/A] AGAGGTGCTG 

2 

( 2) 

6 

6) 

3 ' UT 


1587 

11 

1330 


7 

( 2 ) 

11 

10) 

Glu -> 

Gin 


12 

1356 

TCCAGAACCC [C/T] GACTTCCCAC 

IB 

(14) 

2 

2) 

Silent 


1588 

26 

1956 

TTGTACACAA [T/C] CTCATTTCAT 

7 

( 6) 

4 

3) 

3' UT 


1590 

2 

172 

TGCACGCAGC [C/A] ATGGCTGACA 

6 

( 3) 

2 

2) 

Silent 



7 

547 

CGCTGGATAA [C/T] GCCTACATGG 

8 

( 4) 

2 

2) 

Silent 



9 

850 



I -£ 1 

2 

2 ) 

Silent 



33 

2139 

AGCCGACTCT [G/T) GCCCTGGCCC 

14 

( 9) 

4 

4) 

3 ■ UT 


1594 

10 

1730 

ACCCCAGTGG fG/Al AACTTGTGCAA 

g 

( 5 ) 

2 

*■ ) 

3 ' UT 



13 

1975 

GAAACTAACT [ C/T] GGTGGCCCCA 

6 

( 5) 

9 

6) 

3 ' UT 



14 

1985 

CGGTGGCCCC TA/G1 ACAGGTCTTC 

g 

( 5 ) 


e. \ 

o ; 

1 1 TTT 


1596 

.3 

1773 

TGATGTGGTA [C/T] GTCCCTCCAC 

10 

( 7) 

3 

2) 

3 ' UT 



.6 

1844 

GTATTCACCA [A/C] GCATTTTAGG 

10 

( 8) 

4 

! 3) 

3 ' UT 



.11 

1899 

GCATTTACAA [G/A) GCACTGCCAA 

17 

(12) 

3 

( 3) 

3 ' UT 



.12 

1900 

CATTTACAAG [G/T) CACTGCCAAA 

19 

(12) 

2 

( 2) 

3 1 UT 



.16 

1949 

AGAGGACCTG [C/T) GGGCTTAGAT 

24 

(16) 

2 

( 1) 

3 ' UT 


1598 

.3 

2042 

ATGCCTAAGA [C/A] CAACTGCGTT 

2 

( 2) 

3 

( 1) 

3 ' UT 


1603 

.5 

592 

TCTGTGGCAC [T/C] GATATGACCA 

2 

( 2) 

2 

( 2) 

5' UT 



.16 

2566 

TGAAACTGAG [G/C] CCCATCCTCA 

17 

(12) 

2 

( 2) 

Arg -> 

Ser 


.18 

2662 

CCGGGGAAGC [T/G] GCCGTCTAAA 

13 

(11) 

3 

( 3) 

Silent 



.28 

2953 

TTAGAATTTT [C/T] CTAAAAATAA 

26 

(18) 

2 

( 1) 

3' UT 


1605 

.14 

2B79 

AACACGGCCC [T/C] GCTGTCGCTG 

2 

( 2) 

2 

( 1) 

Leu - > 

Pro 


.30 

4011 

AATTTAAAGT (A/C) TTCTCCTCCC 

4 

( 2) 

6 

( 6) 

3' UT 


1607 

.13 

2354 

CTTTCTCTGG (C/T) CCTGTCCATG 

9 

( 8) 

2 

( 2) 

3' UT 


1608 

.3 

2120 

CAGCCGCCAT (T/C) TGCAAGGAAG 

2 

( 2) 

2 

( 2) 

3 ■ UT 



.11 

2552 

CAAAAGATGA [ G/T) TCCTTGCTTC 

16 

( 9) 

4 

( 3) 

3 ' UT 



.17 

2733 

TCCTAAGCAG [T/C] CCTGGCTTTT 

25 

(11) 

3 

( 3) 

3' UT 



.01 

2091 

CTCCTTCCAA [C/T] CCCACTCCCC 

65 (36) 

7( 

7) 

3*UT 



.02 

2120 

CAGCCGCCAT [T/C] TGCAAGGAAG 

25 (18) 

47 

(40) 

3 'UT 



.04 

2578 

GAAATAAAAG [T/G] AGCCCAGCTG 

26 (19) 

46 

(29) 

3 1 UT 



.05 

969 

AACCTAGTGC [G/A] ACCAAGGGAA 

69(36) 

3 (3) 

Silent 
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.06 2174 CCTCTCCCAG [C/T] GGCCTCCCCC 71(36) 1(1) Silent 

.07 2129 TTTGCAAGGA [A/G] GGCCTAATCA 66 (36) 6 (6) Silent 


1611.20 1388 AACACTGGTGCCAACCAA (G/A) AC 3(3) 3(3) 3 ' UT 
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Target Loc'n Sequence around # Varia 1 # Varia 2 Protein 


ID 



[polymorphism] (Lib) 


(Lib) 

Change 



1613 , 

.2 

350 

AGTGGCCATG [G/A! TTGGGTCAGC 

10 

( 7) 

3 

! 3) 

Val -> 

lie 


.11 

842 

TGATCATCAT IT/C) TCCTTGCGGA 

3 

! 3) 

6 

( 4) 

3 ' UT 


1614 . 

,5 

1343 

CCTATCTGGA IT/C] ACATTTGGCC 

2 

( 2) 

3 

( 3) 

Silent 



.13 

1841 

CGGCGGTGGAIQ/A] GCTGAGCGCC 

10 

( 9) 

2 

( 2) 

Ser - > 

Glu 


,23 

2158 

TTTTTTTTTT [T/A] AAAAAAGAAA 

7 

( 7) 

8 

( 5) 

3 ' UT 



.28 

2261 

CTGAAGTCTA [G/A] GATATTTTTC 

5 

( 5) 

2 

( 2) 

3 ' UT 


1615 

.25 

2113 

CCTGGCCATC (T/C] TGGGCAGTGT 

16 

(11) 

7 

( 5) 

Silent 
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00 



i 1 I 1 1 1 1 

oooooooo 
\o m cn cn i— ■ 


tOl x [ira/snso] 
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T24 Cells 


Mia Paca II Cells 


Oligo: 


CO 

o 
m 


CO 
CO 


CO 
CM 


CO 
CO 


IT) 
CO 

o 

CO 


CO 

> 


CO 

o 
m 


CO 
CO 


a 

cm 


CO 
CO 


cn 

CO 

o 

CO 


.2 

co 
> 


Northern 


match 


match 


RNA 
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BrdU incorporation 


o 
© 


o 


© 

to 


o 


OQ 

o 

3 

c 

CD 

o 

El 


o 
o 


to 
o 
o 


o 
o 


o 
o 


o 
o 



o 

s < 

3 3. 

p s 

o o 

a - ^ 

O 2. 

St Bi 

CTQ o 

B M 

e s 

« 5". 

S. 

2£ 
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Ft b . K 

absorbance 


o ^ to 



UJ to 

o <i 

OO 00 


500 J 
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MDA-MB 468 Cells 


Oligo: 


(3 
< 

g 2 

m cvj 


< 

(3 
o 

CM 


Northern 


am u 


match 


RNA 
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Research Collaboration 


ACAGCCACTTATGTCATGGT 
ACAGCCACTTATGTCATGGT 
ACAGCC ACTTATGT CATGGT 

CACTTATGTCATGGTATTCA 
CACTTATGTCATGGTATTCA 
CACrTATGTCATGGTArTCA 


Improved Allele-Specificity with 
Advanced Chemistry 


150 T 


100 -- 


Q 2 base mismatch 
| target match 



50 -- „ 
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Effect of Antisense Oligomers on Glutamyl- 
prolyl-tRNA Synthetase (EPRS) mRNA levels 

(duplicates) 


14977 

(100% matched) 


cone 


50 100 200 300 400 



14971 

(2 mismatches) 


50 100 200 300 400 nM 




fit j^&teig 



'circled samples were switched 
when loaded on to the gel 
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